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SUMMARY |

Lift end moment distributions are calculated for ocescillating wings
of finite span on the basig of the three—dimsneional theory.of part I of '
this report. The resulta.cbiained are compared wi'bh the correspondins
resulte of .the two—d.imensioma.l theory.

Rectengular mﬂ. eL.iptjcaJ. wings of aa'nect ra.tios 3 a.nd. ‘6 are con—
sldered and the range of valuss of the rednced frequency k extenis
from O <+to sbout 1.5. The celculations are-mads for' verious:bending,
torsion, apd alleron :dsflbction fu.nctions a.nd. the results ere glven in
tabuler and in graphical Form. " It-is £ound that for.a-given wing and ! ~.
given reduced-frequency vAlue the e“fect of finite span dspends " eppre— :
ciably on the shape of. the wing 8eflection fupctipns. ‘It 'is also found:
that for a-given wing #nd given deflectlon function -the finite-spen N
effect decreases as-the ' reduded frequency increases.. For wings of - .
aspect ratio 3 an apmreciable three-d.imensiona.l -affdct ogcurs for va.lmg
of k up to about: 1.0 ana. for v.t.x;ss 'ot aspoct ra't.io 6 for values of
k up to about O. 5

i

r,
-1

A pra.ctioal scheme of. ca.lculations 15 d.ascr;bed. a.ml auxilia.:-: ta-
-bles are given for the numerioal: a:na.lys“s of additional’ examples. -
Formulas are included which alldw direct 1ncorporation of the three—
dimensional results in flubter determinants of the kind desciibed in . .
AAF -Technical Report FNo. 4798. Examples of figtter calculations on ‘ths _
basis of these formmlss dre given 1i an &ppendix to. this mpbrt Change .
of <the two—dimensioneal into - the th:-ee—dimnsiona.l eir forces appears to .-
be responsible for i‘lutter-—epeed. changes of from 10 to 2C ;pez‘cent for 7

wings, with the posiibility of largexr corrections in tail, flutter: -~ _

While In the e.tamples analyged so far the.aerodynamic—epen effect
increases the thecretical flutter speed, the popsibility of the effect
being in the opposite direction in other exemples has toc be comsidered.
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. y ) ) _ INTRODUCTION

The magnitude of the aerodynsmic-~epan effect in wing theory is one
of the problems for which no complete answer has yet been foumd., With
attention restricted to wings of aspect ratio that is not too small (say,
AR =2 3) it may be said that, for wings in uniform motiom, lifting-line -
theory represents a satlafactory solution of the problem, For wings in
nommiform motion the problem is considerably moxe Aifficult end most
attempts to analyze the aerodynamic—span effect appear to be either in—
complete or in thelir applicability restricted to special cases of the
problem,

In part I of the present report en asrodynemic theory of the oscil—
lating wing of finite span has been given which is considered to be as
inclugive as lifting-line theoxry is for the wing in uniform motion. The
flinal results of this theory wore formmlas for the spanwise distribution
of air forces and moments for the four basic types of motion of flexible
vings, namely bending, torsion, aileron, and tab deflectiomn. In these
formulas the effect of three—dimensionality appears as a correction term
o to the basic function C(k) of the two-dimensiocnal theoxry. The cal-
culation of ¢ necessitates the solution of an integral eguation which
ies similar to, but less simple than, the integrel equation of lifting—
line theory for the 1ift (and ciroculation) distribution on wings in
unlform motion.

With a method thus esteblished for the systematic calculations of
finite—span correctione for the customary two-—dimonsional theory it
becomss possible to arrive at statements with regard to the guantitative
importence of the serodynamic—span effect. It has in the past been
held by & pumber of investigators that this effect, while significant

- —for wings in uniform motion, ie no longer so for oscillating winge. Fhys—

— ' T 1cel conslderation of the wake pattern indicates that for a given wing
the actual three—dimensional flow approaches more and more nearly the
two—dimensional pattern as the frequency of oscillation inoreases. It 1s
thue permissible to may that for sufficiently high frequenclea the
eserodynamic—span effect is of an insignificant megnitude. This, however,
leaves the gquestion as to what comstitutes a sufficiently high frequency
and what is the magnitude of the effect if the frequency 1s not suffi-—
ciently high. It was therefore considered desirable to esteblish, at
least roughly, the range of frequencies for which there is an appreciable
aerodynamic—epan effect and to indicate the nature of the effect in this

. The variables which are mainly involved are aspect ratio,
wing deflection form, and reduced frequency k = wb/U, where o 1is the
circular frequency of oscillation, b the semichord of the wing, and U
the velocity of flight.

The celoculations in this report are in part designed to permlit a
- -——rapid estimatlon of the magnitude of the asercdynamic~span effect by
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Iroviding for consideration the resultes of an appreciable mumber of sam—
Ple cases for wings of aspect ratlos 3 and 6 end rectangular or elliptic
Plan form and for a range of values of the reduced frequency k.

It is felt that a point of further interest of this work should be
the presentation of a scheme for incorporeting the three—dimensicnsl air
forces in flutter ocaloulatiomns, for those cases in which such an incor—
poration is deemed worth while. Although the authors egree that suchk a
refinement will be umnscessary in & good meny cases for which great
accuracy is not required, they also feel that if it is desired to obtain )
theoretical flutter epeeds which aye within, ssy, 10 percent of the ’
actual flutter speeds, then 1in most cases it will be found necessary to
incorporate the aerodynemic—span effect in the analysis. Appreciably <
larger corrections will often be obtained, pertioularly in problems octf:‘?-.
tail flutter. ’

Thie investigation, conducsted at the Massachusetts Institute of

Technology, was sponsored by, and conducted with financial assistance
Prom, the National Advisory Committee for Aercmautics.

SYMBOLS

U velocity of fliight

x, ¥y Cartesian coordinates in plane of pro,jectlon_, of wing surface
p denslity | -
.I'L(y‘) coordinate of wing leading edge

xy(y) coordinate of wing treiling edge .

b gemichord

by semichord at mldspen

s ratio of span to chord at midspan
@ clrocular frequency

amplitude of three-dimensioral circulation function defined by
equations (8) and (13)

ol

¥*, n* dimensionlese spenwise coordinates; y* = y/by, n* = /b,
Zn dimensionless coordinate of midchord line; zp = (x; + x¢)/2b,
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reduced frequency; k = ab/U
reduced frequency at midspan

K, o= kgEy
B function defined by equation (ﬁ.o)
—(s)  emplitude of two-dimensional oiroulation function given by egua~
8277 Tsien (1) .
p S variable of 1ntegration
- function defined by equation (16) .
c(k) function defined by Theodorsen
o correction function defined by equation (6)
e location of elastic exis in units of the semichord b
c location of aileron leading edge in units of b
e location of aileron hinge line in unite of b
a location of tab leading edge in unlte of b
I T location of tab hinge line iIn units of D
i, m alleron and tab overhang Inunits of b; Il m=me —c¢c, m=f -4
bending deflection of wings; h - B(y)e ™t
o engle of attack of wings; a = E(y)em'b
B, 7 allercn and tab deflection angles; P = B e °r
L 11ft per unit of span; L = T o2®F
M, moment about elastlc exis per unit of span

Mﬁ, M, alleron and tab hinge moments pexr unit of span

r function defined by equation (9)

J, Y Bessel functions in customary notation
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H Hankel functions in customary notation

Cr, 11t coefficient desfined by equatien (12a)

Cg rolling-moment coefficient defined by equation (12b)
P, Q Punotions defined by equetions (32) and (33)

¢3(y) phase angle functions (J = h, o B, 7)
LIFT AND MOMENT FUNCTIONS OF THE THREE-DIMENSIONAL THECRY

According to pert I of the present report the following formulas
hold for the distribution of 1ift L, moment M,, alleron . hinge moment
Mg, and teb hinge moment EL due to & bending deflection h, _a tor—
siocnal engulexr deflection «, an a.ileron engular deflection ﬂ, ‘and &
teb angular deflection 7:

AR w1 )E
2pU2'b° a'.!‘ > + 1k[0(k) + oy ] J

u‘lb'l

+ x {é [ik + K°a] + [l+1k (%—a)]_[c(g)+uag}&‘:—:;
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x{%[ikAqe—sz%]— (%‘-+a)[;+ik_(-;=—a) —,[c(k)+a¢,]:}3
+'<‘11;—° )8 {%EAﬂa+inﬂz-k2Aﬁ1 ¥

- (-3-+ n)— [El + %EEJ[C(E) + aﬁj_}—ﬂ. 1!-'(%; ')'a |

(8 11 (30 ) [100 + B

| 2 _
+ Uy]}’;. . (2)
o T T G - R R IR
ey - ';; T By, + > E, 1k[C(k) + u-?‘]}b; <bo )
x{-g-[imue-kaﬁa,l]+-;'-lﬂatl+ 11:(%—&)] [ C(k) +%J}E

& ( b_ )" (—’3 [13_?3 + 11:1'3,5.2 - kaBl 1+ i;:' _IS.-, _1:1 +§-‘- Eg] [c(x) + cp]}'é'

v,/ 12 2
B ad
+ (;;) | 503, + 1B, — "B, 1+ o X, -EJ.(G-) + == Ez(d)]

x [C(k) + o] } 5 (3)
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% b w0 1 B Y
;32‘?-;: -,—E—Dh1+51'a(d.)ik[c(k) +Ch]}_bo+ (bo)

x{'z- [1XD, — k%Dg, 1+ = Ky (a) [1+ u'.(%-'a) ]cc(-k) + m]}a

. a ) . .
. (:_o) F_;_ [Dpq + ikDg_ — ¥°Dy ] + %na(-a) E:,, + -;-‘E Ea][c(k),+ 65]}

= b B g 1
X B + ( 1-9-; ) rE [D78 + 1kD7,2 - kaD.n] + 5% Ex(d) [E:L(d-)

+ ;—knz(a)].[c(k)' + 0] }? | )

. Equations (1) to (k%) employ the notation of refersnce 1 and the
terms A, B, C, an@ D are dsfined theres. The values of the terms E
are . :

By = Tio — 1T21 . E;(d) = T:!.o(.d-) - !ﬂ'a_z:.(d? N
Ep = Ty; — 21T0 Ep(d) = T31(d) — 2nTy0(&) > (5)
l].!:, = Typ — 28Tp0 E;(d) = T1o(d) — 2mToo(d) J

and the texms T are aleo defined 1in reference 1.

The dimensions &, ¢, 4, e, £, 2, and m (all es defined in ref-
erence 1 end in fig. 1) are in units of the local semichord b (b = by

. at midspan) and k = wb/U stands for the locel reduced frequency.
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The texrms o4(J = h, «, B, 7) whick alone represent the effect of
finite span are given by -

13, (k) 0
oy = [C(k) i f_ih(k)} ( ﬁda) -1) . (6)-

-_— -

The two—dimensicnal circulation :t‘unot;iona Q (2) 4n equa.tion (6)
are defined by o S

b . & .

— !c(k) 11&, h() Tt

o P -'i ()() e i he A
k

al . htg)g:}) 1m[ (——a)] bay)
k

 (7)

i
g -"-1"51"?(7 k’"[E *"Ea]—f’"’
k a

552) -ﬂ%%}— k”‘ Bi(a) + = Ez(‘i)] 2. F(y)
(x)

In order to take into ecgount the poseibility of phase variation in
span direction the function b(y), ), B(y), eanmd ¥(y) 1in eguations
- (y) 4 (y)

(1) to (4) and (7) must be mulitiplled by terms e ¢h #

—1 ( —-1
¢B y) and. ¢7(y , respectively. In equatlens (7) the quantity
km k(xt + xl)/zb represents the effect of sweep of.‘the midchord line

of the wing.

The three-—dimensioml circula.'blon func‘bions Q 3 are solutions o:f
the following 1ntegral eq_ua.tion'

e
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: . K . . . s " . —'--- Taee ot
. Gy(r*) + o “(k)[’j ¥ —q°
g

~m, [ RN pese Saeiiad, ] - 3P0 @

In equation (8) y* indicates the location of points along the span in
units of the semichord at midspan by

The funstion F in the secocond integral is defined as

P(x) = jpme—ix[i‘-+ %—J@E]ik (9)
-O . ) . -+ . -

!L‘he_ function u 1s defined in terms of Beasgel functions as

~

(k) = ~ -
13 :rk{ ['Jc(k) .—Yl(k) l - ;jf'rl(k) + Y, (k) ]}

(10)

Fumericel values of the fonotions c(k)', u(k),

1J; (k) o Ac(k)
c(k) + I (k) = 13, (k) ! m&‘z)(k) ’

end ¥F(x), whioh are of 1mportence for the evaluation of the genersl
formrles,are given in vables I to V.
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———— - —————— - — —
————

I4ft and moments at polnts of no wing deflection.— At points of no
(' wving defleotion equations (1) to (%) cannot be used directly because one
or more of the 05 +teorms bocomes :I.n:t.’!.n:i.'l’.eS while the corresponding de—

' fleotion is zero. In view of oguations (6) and (7) there may be written
for a point where a deflection function. J(b, , B, 7) becouwes zero,

g, o T(k) — 202(8) _
- X £
2pU%b, - 4 J—f%‘)— e
° xHy 2 (k)
clie 13 (k)
na.,;] . :tl’-— [ _ (}_ N a.) -I e )._."'.-Jd‘-z‘.k; e 1Jl(k)_ﬁ
25U b, 2 i L 1c(x) e’11«:m 3
wC) (k]
: b (11)
- c(x) + 103 (k)
s Ey b P -
20002 © 2 b, | _fcfu) B Y
KH} 2/ (x) o
133 (k)
Wy E (R o O(k) + To() = 3100
20URB 2 by, ic(k) — TRy td
(®) (x) . .

"Expressions for lift and rolling-moment coefficients.— The coelfi-—
clent of wing lift may be defined as

sby _

£ Lay 8eb> ,! =
C. = lbo = Bwojr 2;'21) da (e:; ) (12a)

ot ) T . {2} o

L s, :

o]

J
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FPor a rectangular wing

8sb>
Q.0
For an ellipticel wing
2
8sd s 8
By =,

The wing rolling-momsnt ccefficient may be defined as

sb o

4 —8b L yoy hgb2 - ITI- y y

T, = 2 - —2 — a( —) (1=»

R™1 oU%(28b,)8, B, / 20U%bg (sbo) (Bbo) (12b)
2 ° o

Corresponding formulae m.y- be written dowm for a pitchlng-moment coeffi-
cient and for control—surface hinge—moment coefficlents, In the sant..
paper, however, use 1s made only of the dsfinitions of EL end g;? -

SOLUTION. OF THE INTEGRAT EQUATION FOR THE CIRCULATION WNGTION

For the solution of equation (8) a procedure is chosen which is
analogous to one of the known methods for the sclution of the lifting—
line equation for wniform motion.

Define new variables @ and & by the relations,

y*mwgcos , n* =8 cos @

= %Y m ein n . )
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In terms of the nsw variables equation (8) becomes

n s(coa § —cos ©)

——

Binn § r .“. ZKnJ-co.sﬁe
S_'sz +§:—u(k)l——ti{
s}

t .
+ 1ko f sos f o oom 8. #(k glcos § ~coe ] ) yrhd cos n6do
'.o . o

{cos @ ~ cos &

- aga’(s cos #) (14)

Introduce the known formula,

T
_7/ cos nPae - sin n
. cos P — cos 6 ein §

Yo

and write equation (14) in the form,

. ‘fsinnf p = Fsiﬁn'ﬂi
ZK"J{ n '+b° “u!. sin ¢

L
ik s -
v cos § — cos 8 F(kx,8|cos § —~ cos 8})cos nedﬂ]}
% ., |cos g ~cos |
o

=5y (s c0s §) S (25)

w
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How, define & set of funotions 8,, by the relationm,

PRSP,

X _.,-)_‘sinn¢ -
A sin ¢
i‘os N cog § — cos 8 | ) ] TN .
+ e ~— F(kys|{cos @ — cos 8])cos n 6as (16)
T foos @ = cos @] ' '
(o]

Equé.'l';ién (15) mey then be written

Y, {si?nn .= s, e,0) } 2 (s con 9) - an

Eq;lm'bion (17) is solved approzimtely by satisfying 1t at as many aui'bar-
be qhosen pointe @, as thore are ~cosfficlents K. Write. _

¥

T b =2l 2 :_G s (kos,8) ¢ (i8)
end _
B 1 } PR ] - - . - - - . o [
I Te Lae t o ( ) —(2) I
PO (s.cos ¢ ) = J,m S (19)

e R Y .. - "

Thon the system of equatione to be solved 1is

anm an - G
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[

Note, that if the wing dsflection is symmetrical about midspen, oniy odd

values of n occur, while for antisymmetrical deflections only even
Yelues of n ocdur. If this is taken into account, all points ¢m may

be chosen within a semispan. If the mumber of points ¢m which are

selected is N, then equation (20) is & system of N seimultaneous com—
plex linsar equn.tiona to be solved for the N complex gquantities Knd'

Rote further that the left-hand side of equation (20) despende only on
wing plan form and on reduced frequemcy, but not on the form of the
deflection function which determinse the right-hand side,

The functions S Lk B,¢ ) which occur in equation (18) have been
calculated for a mmber of va.lues of n, ks, and ¢ eand the resulte
ave containod in table VI. The functions sin nff,/n are elsc calculated
Tor the seme values of n and f and the rvesults are given in tmble
VII. Figure 2 contains a eeries of plots of 'S, against k.s, aoc that
alec for intermsdiate values of k g the valuseas of Bn are avallable,

" Caloulation of the functions S “according to equation (16) in—

volves the evaluation of an integral oonta.ining the funoction ¥ dsfined
by equation (9). With tabular valuea of F available, the integration
can be carrled out graphicelly or by approximating ¥ 1n the range of
interest of the varieble x by a function which permits expliclt inte—
gration. Both these procedures have been used. ?gee appendix A.) Use
has 8lso been made of calculations carried éut in England (reference 2)
in connection with a theory of the sefodynamlic—span effect which differs
from the one evaluated hers.

SUMMARY OF FROCEDURE FOR CAICULATING THREE-DIMENSIONAL EFFECTS

(1) Choose spanwise stations at which integral equation (8) is to
be satisfiled. (Present range of. calculations of auxiliary
functions restricts choice to the six stations,

. cos fi, = 0, 0.2, 0.4, 0.6, 0.8, and 1,0

in vwnits of the semlspan.)
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(2) Tebulate the values'of” /by, k, %y W, and,. if necded, wof
*é‘“"d‘"&‘;'f,# and m at these stations. Take from table IV

. the values of the funct-ion ll-ic/k.E,_( 2) at these sta.z:,ions
—=(2)
Q- at

Calculate, according to eguations {7) the valuves
these statioms. ) I

(3) Calculate by means. of tables IT, VI, VII the values of A of
of equation (18).

(4) Solve the system of equation (20) for-the coefficients EBJ’

preferably by the Crout mothod for the solutlon of systems
of simultaneous eguations with complex coefflcients.

(5) Celculate the values éf QJ' at the selected stations-

by means of squation {13Y. Make use of'xabh VII for factors
- ..e&n n¢m/n.

- " - e

*(6) Ca.lcula.'be the velues of J/‘(a) at the’ salected staticns.

(7) Co.lcula.hate‘nnﬁ ’ ‘£ram. eqmtion (6) making 1150 o.f tHble III,

7
(_8_) Bubstitute terms O'J in equa.tions (1) tg. (4) -for .'Li:l.’t and
. momn'ba. A o T -

It 1s this:procedure that has been usad. to obtai.n the resu:l.ts wh:lch are
d.iscussed. in the folloving section of this repor'b i

L

-~ . -
.. 8

In’ ord.er to’ Judge the effect of .the thite—dimwnsional correotion
.. terms in the expresbione for 1ift end moménts, & mumbér of ceses have

been analyzed nuimerically and the reeults ‘are shown in table VIIT, and
by means of figures 3 to 21 which’ nontaln 'hhb twc—dimensional as well as
the three—dimensiona.l d."s.atri'butions o . v

C'a.lculations have been made for wings-of 3111:91:105.1 ple.n form and
for wiﬁgs of rectengular plan Fform. .In both cases the aspect ratios,
.~chosen are :3 and- 6, and a range.qf.values of the reduced frequency k
18 covered. Aa: x‘u:l.ng deflections -the "Following ware chosén. )

(1) Trensldtion’of rigid ving, ( g_ )
(3) Pitohing of 18ia ving a‘bou'b mid.chord (u. -1, aw0) .
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- -
(3) Rolling of rigla ving (B , y/ebo)
. (4) Lineer entisymmetrical torsion .(S = y/eb_, & = 0)
'(‘3) Iinsay é’ymtric.za.l'-toraicn' (= ny/abo, ‘a = Q)
(6) Linear symmetrical bending (E—- = |yl /ev, )

(7) Parabolic aymmetrical bemling(%_ = (y/8b,) )

.

(8) Deflection of full-epe:n aileron (B = l)

(9) Deflection of partial: pileron _
: ([y{'<rsby 2 B =.0; [y[>2rebg ¢ B = 1)

TMgures 3 to 21 contmin the resulte of these calculations. (Some of
the resulte were first obtained in reference 3.) The polnts at which the
integral equatlion for the circulation has been setisfied are indicated in

., the figures; the number of these points determines the number of elmulter—
' "néous equations to he solved. The following conclusions may be stated:

‘The aerodynamic—epan effect for a glven aspect ratio and given wing
deflection decreases noticeably as the values of the reduced frequency
Eo increase. Thore is substantial agreement between the resul‘ba of the

- three—dimensional theory and the results of the two-dimensional theory
when the value of k, 1is sufficiently large. The rate at which this
approach between the results of the two theories takes place dspends on
aspect ratio and wing deflection function. The lower the aspect ratio,
the slower the approach. The finite—spen effect persiete to values of

ko ¥which are higher for lineer spanwise variation of deflection than

they are for no spanwise variation of deflection, and higher for para—
bolic variation than for lineser variation. VWhile these facte are what
would be expected, the present caloculations should furnish the q_uantita—
" tive ‘information which la needed in order to know when 0 neglect the
aerodynamic—epan effect and when not to meglect it. Reughly, it may be
stated then that when AR = 6, there is no need to consider the
aerodynamic—apan effect when ko >1: eand whep AR = 3, there is no need
te consider the effect when k] > 2, For.smaller valugs of Xk, the

the effect should be given greater consideration. Important corrections
certa-inlydnoccurwh’en kg < 0.5 and AR = 6 and vhen k, < 1 and

= 3, Corresponding conclusions will hold fer. values of aspect ratioc
"betwen 3 and 6 eand for values beyond these limits, Altdgether the
numsrical results obtained may also serve ag an indication of the magni-—
tude of the effect to be expected in cases which zre socmewhat different
from those analyzed.

.

o
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( It a.p;pears from the presezrt ‘ealsuintions that the a.eroda:nn.mic—span '
\ ef:l:‘ect is appreciably less for hinge—mnt aiatributions It is thought
\ that th.l.s fa.ot wes, not kpqwn p;revionsly A . ) o~

in co’:mection w:ﬁh preaent resu.lts “Por E_t_ al-—-gpan contro.‘l. sur—
faces, it should be said that greater accuracy then has been’ obtained ts
desireble. The discontipuous spanwise variation of deflsction should be
taken into account either by using more terms in the series for § or by
using a special function {1 g1gc; which accommpdates the discontinuities

ine mamer analogous to tha'b 1n unifom—mot:!.on wing theory.

It is noted that for the recta.ngula.r w.tngs ‘the 1ift dlstribubtion is
not zero at the tip as would be expected.. This:mey be expleined as fol—
lows: While in an exact lifting—surfece t.hecry JShe chordwise pressure
distribution at the tip would venish, this condition cannot be satisfled
in the present approximate theory. In the approximate theory only an
average condition can be presscribed and the natural choice of this aversge
conditicn is f.o make the circulation vanish at the tip. For .not toe -
large values of k thie circulation cendition is effectively squivalent
to the condition of va.nishing tip—lift ‘intensity. With 1noreasing velus
of X these two conflitions becdie lese and . lese s:Lmilnr. The same ob—
servation can be made regarding the moment intemsities at the tip for
rectangular winge. JIn en exact theory the moment functions would vanisf\
at the tip while the present theory i1s unsble to ensure this,

It mmst be eseld that to the extent thet the tip conditions are not
completely taken care of, the present theory does not fully account for
the effect of finite span. Hewever, even when this difficulty ccours,
corrections eaxe obtained which are in the right direction and which
therefore may be applied., It should be emphasized that no such AIffi-~
culties occur for wings with zero tip chord because for such wings 1ift
and moment intensities approaoh zero near the tip in the two-dimensional
theory.

In addition to the diagrame showlng spanwiee lift distributions
there are given in figures 15, 16, and 17 curves showing the variation
of wing l1ift coefficient for rigild translation end pitching, and of wing
rolling-moment coefficients for rigid rolling and linear antlisymmetrical
torsion. These figures show agalin how with the increasing k the xeo—

sults of the two—dimensional and of the three—dimensional 'bheory approach
each other. .

AERODYNAMIC-SPAN CORRECTIONS IN FLUTTER CALCULATIONS

The use of the finite-—span corregtions of this report im flubter
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oalcuiaticms may be explained by use of the proced.u:r.-e deecribed in refer—
ence

In the case of combined. toraion and bending aileron flutter with
geared tab, flutter speed and frequency are d.etermined. from & determi—
na.nta.l equation of the form .

» . —_ -

A B C
s L] =
—4{D> E F = 0 (21)
¢ B I
[ - ox

The terms of -thlis determinant involve stiructural components end also
acrodynamic components which are designated in the followlng calcula—
tions by the subsoript A. The aerodypamic components only are con—
sidered here. According to and using the notation of reference 4, with
a dimsnsionless spanwise coordinate =z, defined by

[ A—

b o2
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c, - f'za (L)s[ra ~ (0 - of] [£,(sY] [fa(x)]aC2)
enf ( ) [2e] (2u(=] [rp (7] (=)
e £ () [+ ] Bl
N °(5;) B G R Ry
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x(%+ a)] [Ea(=)] [Ea(sT] aC2) + j’z:‘(g;)‘ [Ma - Iy
x (% + o) ] fraer] ErpCeT] at)
g, = fzz (%)a[mh ~ Py(o — of] [En(=)] [Ea(=]] al2)
5, = fzza (g;)‘ [Tm ~ 2y (34 &) = Byle = o) + Fylo — ©)
(.l. +o)] [ta (zj [Ea e ate)

( )[Tﬁ+:P(c-e)2——(P + T ) o = e)]

X E.’B(z)] a(z) +n J;s (g;) [TG - Pa(c = 8) + QB - Qz

x (6 = e)] [:Eﬂ(ﬂ’]2 a(z)
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> (22)
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Introducing for the L, M, T, P, and Q fundtions t'he:lr equivalent
values in the notation of the preaent report, the aerodynamic d.oterminant
terms becoms: . AT
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According to equations (1) to (4) the finite—span correctlomns appear
as corrections to the Theodorsen fumction C(k) in such & manner that
C(k) becomes C(k) + g,. By substituting C(k) + oy for Cc(k) 1in the

determinant terms, the determinant texms developed using two—dimensional
aerodynamic comsiderations become three~dimensional terms. With the
three—dimensional aercdynamic series indicated by a superscript 3 there
may be written:
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By rewriting the finite-span correcticn terms and indicating
them by & A prefix, the finite—span corrections for the bending—
toraston~aileron flutter determinant of reference 4 are then as
followss )

- ———— _— —_— _—
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1

) These integrals for the finite-span corrections for the terme of
the flutter determinant cannct in general be integrated explicitly. It
1s necessary in all but very special cases to integrate these correc—
tions graphiaally or by numerical means,

Bending end torsion of rectangular wing.— This cese may bé consld—
ered individually as an example ln which explicit integgation is
possible. By teking the values of oJp and o, from equation (6),
there may first be written : .-

. -
. v
cr--B o] [ (B [T
AE-—[%+%(%’*—&)] - y
x [c . '-T.oiilml] : (;z:.) ~1) fyle)gleles
!o o .
' Al a
ereen gl GEeY [
. a ) ° Qh . .
x £, (2)£,(z)az
sg=(L+e) [.?k;+§i_(.lé__a)] _
1 -—
x [c + J:'_T_lﬂl]'l‘/’ (—-———-_n(:) - 1) | £o(2) ] -
o o -

In view of the constancy of k for rectangular wings end the fact
that the circulation functions occur as quotients only, it is permie—
sible to normalize .the two~dimensional circuletlions in such & way that

5_1(1.2)' -_1,1-1, 5;2). .rg, . (27)
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27

end to indicate & corresponding change in the three—dimensional cirocu—

lation functions by writing
=1 sin
By = ) m, o2t

Introduction of equeations (2"() and (28) ‘into equation (26) gives

ﬂ
iJ
apm-Rlc, 2

s &:Tﬁ:]f [{T%L—“é}fﬂ”_
- £ E(01° [as
s2--[FeB(3-2)] [o _-m] /{(Txnm
<220 () _ g (e, ()} ae )
An.(l+a)2i{c+_o_m] f g 82222 1
Xf(Z)—i’(z)fh(z)]dz |
AE.-(_H)[_J, __a)][
30—":51] f{(z%ﬂ—ni)f(”

(28)

> (29)

- [t <=>J‘*}1

By assuming linsar torsion and parabolic bending, that is,
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£.(z) = g, fp(2) = 22 ' (30)

the remalning integrations in equations (29) may be carried out and
the result is

| s, 1B (B m) ’
- iJ;_

21 '
Aﬁ.a x [C+Jo

AE=- [f;_'_kgi_ (%-a)]{c"’%i—{lhﬁ_]
£ (s v 32 )2
% I

AQ-(%-+9.)-"1‘L[G+ 1d3 ]
< k J, — idy : > (31)

Y 7 o 1 .t 1 t 1 o
,x'g(xm+5%h Rk * s K ) 1
. M

1 Fr2 21,1 " 1Jy
A = (= S == = - C + "
& (2+&)‘.k2+k (2 -a>.- [ +Jo"4‘71__]-.

K;. +}‘K,:;,q,"-l"K; +—:'L-—K; - eee J —1
x( @ "5 33 “3;95, & ) .

Equations (31) will be applied in appendix B of thls report for
the flutter emelysis of a rectangular uniform wing. Eqdatioms (25)
will be applied for the analysie of a tail-flutter problem.

Y

THE RESULTS OF BIOT ARD BOEHNLEIN

In reference 5 theorstical expressions were given for 1ift and
moment at midspan of a rigid elliptical wing with motion consisting
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of transletion and pltching about the midchord line. The results of
reference 5 may be compered with corresponding rosulis obtained on the
ba.sis of the fo:mm.las of the present report..

The réleva.nt expressions of raference 5 may be written in 'bhe form

1

-."i-'g.l."' - r'712:—§+ ikofm(ko)}..%
. o o

oL :"°' T
sl ey e
o o + (l-!; z ) Fyp (ko)} = (32)
. ﬁ°(°) ' ik -.l 5 T -
_— . 1ko -
"{'35. (-"ko‘*uafkﬁ“m) ‘%_(“T_) Tun (o } " (33)

- Ii'- mey ‘be seen that the effect of, thme—-’cﬂnﬁnsiomliw in thess formilas
i@ responsible, for the change of the "function C(kp) of the two-
dimensionsl theory into the functions Pyy and’ Qug which are tabu~
lated. in referenpe 5 for a range of a.spect ratio and of vdlubs of k

- Comparison with eguations (1) and (2) of the pressnt report shows
the following relations betwsen the result.s ef reference 5 and. the
present results: .

‘Ppr(ko) <> C(k(',)~+ oulky) - ] - i .
Buplky) < C(k,) + og(k,)
' . ’ (2
- Tr(ky) <> ©lk) + oplky) -
%Gko)'<—.> G(ko‘} + Eg(ko). }
. -

Calculations shcu,tha.:t. for the uniform d.eflection functiops which
are considered herejy
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on(k,) & og(k,) (epproxi) LT (39)

As a formal difference betwoen the two sete of results thers re—
mains the fact that in the present work the corrcetion terms for lift
and momsnt are the sams, while in the work of reference 5 this is not
so. The authors of the present paper are not able to decide which ompe
of the two sets of resulte is nearer to the actuel facts in this
reapect It may, however, be noted that the differences between the

P ana Q—functiocns are quite small. The order of magnitude

of the differdghces batwsen the ‘two appoars to be no greater than the
order of magnitude of the~deviations oF the approximate results from
the resulte of an as yet not exiating exact solution of the pro‘blem.

A numsriocal comparison between the ,?— anid Q—-f‘tmc'bions antl the
function C + ¢ has been made for the four values of aspect ratio,
6, 3, 2, and 1.5, Figure 22 reprgduces the real and imaginary perts
of the various functions, together with the function C of the two—
dimensional theory. It le seen that sgreement between the two kinds
of three—dimensionsl corrections, is guite clesd. A theoretically

important difference is the fact that for :I.ncrea.s!ng ks the resultu

of the present work con:verge toward the res'ult of the 't:wo—d.imﬁnsionaf
theory while, for aspect ratios 3, a, “and Jd.5, the reeuwlts of
reference 5 do not canverge toward the result of the two—dimensionsal
theory. As k, approaches gero the results of the present work ap—
proach the rea_aul'bs of lifting—line theory. It is noted that the same
is very mearly true for the function Q, while the.function P 1s
gg:sistently eommvha.t smaller than would follow from lifting—line
ory.

Determination of teyms o.— It-ﬂ_aa found that,for the two forms

of motion considered previously, sufficiently adourate results were
obtained from & cme—term approximation for the circulation Tunction

Q. By texing

GeKeing - (36)

and date:m:lning the ooefficient K;__by sa.tisfying the integral equa.—-
tion (8) at midspan (¢1 = -2-> there follovs. frcm equation (17):

G el R ~(=2)

Ky ,-l+—'l-l(kq)sl(k05 g) ] =g -(0)
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TN

end hence POTERETEL

- H(O): I '.:.:'."':’.R.:‘_'.'.:"i.' TEL e s
Q (2)(0) 1+ f u(k(:)s_;_ \I kqs;, g )

(37}

' Then, eccording to eq_ua.tion (5) %here follows ror t.he cormction 'béms

N : o

r 10 (ke) .. :
O'h(ko) = Uq,(kO) L I-c(ko) + Jo(ko) -— i'Tl(kO) -
1 ) A s '
x [ - - Irr__.__ 1 ] - (38)

T
+ — u(k )8 kB, —.
e 1.(..°'_'-’2‘ .

e PR N - LY

- s

Equation (38) is evaluated by means of tebles IT, III, and IV. Numer—
. 1cal -values .of. the functions ¢ 8¢ ohbtalned are listed in teble IX. It
may be noted that equation (38),: ipn addition to glving -the corregtion

* term for translation and pltching, aleo glves the proper correctlon for
the deflesction of g full—spen elleron on en elliptical wing as long es
the dimesnsionless gilsron-hinge—line ecordinate. e . and lesding-edge
coordinate ¢ are constant along the span.

As a conclusion to this discussion 1t may be stated that from a
practical point of view there seems teo be lititle to chooss between the
results of reference 5 and the present resulis in thoss casee whers the
results of reference 5 apply. A precticel disad.vantase of the results
of reference 5 appears to be that no provision is made to obtain corre—
sponding results when other then uniférm deflection functions are to be
taken into considsration.

The present authors would have liked to include also a comparison
" of their resulte with thé resulis of W. P. Jones in reference 2; how—
ever, notetionsl difficulties could not he overcoms in time.

Massechusetts Institute of Teclmélogy, i
Cambridge, Masa., January 4, 1gL6.
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APFENDIX A
NOTES ON THE EVALUATION OF THE FUNCTION S;

According to equation (16)
ﬂ a

Sn(koﬂ, B) =

sin n ¢ . ik.8 " coB @ ~ cos @
sin @ ® |cos ¢ ~ cos 6]
— o

5% f(koélcos¢ — cos 8| )cos ndase

and according to equation (9)

F(x) = /m o tH [l.; %'-_:Ef__f]n = R(x) - 1I(x)

x A

-

o

The function F is given numerically in table V. It can be shown that

1t poseesses the follewlng limiting behavior: .

- - = P 1.

X ~» t Fx) 2~~~ =
I R

-

x =» 0 :'P(x) = --11.1.::—0.391::\2---;—’E

It cen further be shown (J:.'ei’erence 6) that the following fepc;'eaentation
holds: . . .

o« - .
F(z)..:i/'QSELzE"_l_au , C (a)
. u
‘= L
where G(u) satisfies the differential equation,
R - - _—@® u dn u '

with the initlal conditions,
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G(0) = 1, - G(0) = 1 (c)

Equations (a) to (c) are listed here for fubure refsrence. So far, 1t
has not been found possible to derive com;ruta.tional advantages from
then.

Graphical integration.— The integral, -
T : - i

/. l::: g : ::: :} I(kols[cos @ — cos 8| Jcos noas

(<]

ey readlly beweveluated by graphical or pumerical (Simpson’s rule)
méans as -the iptegrand remains finite througkout.

The integral,
T

T::: g: ::: ZI K(kgs|cos § —~ cos 6] ).cos £3a9

o]

is subject to the difficulty that the fumction R is logarithmicelly
infinite when oos § = cos 6. There mey be written, for ¢ < §. < n—¢

4 g—¢ ¢ +¢

Lol

g—e gte

and- the first and third integrals svaluated graphically. Wher @ = O,
write lnstead

T

| / =e/.‘ +-/."

(o] o €

The second integral may, for sufficlently =mmall ¢ , be estimated
analytically as follows:

-

R(k_s|cos § —cos 6]/} = 1In [2°'39k°s| cos @ ~ cos 6]}
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N -
8 =@+ q 48 = dy
cos f—cos @ = 1 sinP . & ) (a)
cog n@ = cos nf — nn sin nJ J
Hence A -
e s
- / Aoan (27 3°kossin¢|n|)(cosn¢
Y fl
P-c -c ' €

—nn sin nff ) dq = — 2n sin pP ,,"". n _m(a""“"kosn sir @$)an

-JL‘-

= —¢?(n sin nf) | In ¢ + {292k s sin @) —%' -l

This approximation is satisfactory when sin $ kosc < 0.05.
In this mannexr the functicns 8n have been calculated for

“koys = 0.5 and various check oslculaticns have 'been. carried ou.t for the .
values of S obtalned fyom reference 2.

Approximate analytical mtgga.tion.— Write B, in the form

Sp = 1::—5- </ r 11:‘ I‘(!xl) cos ngade (o)

where
x= 'l_:;-a(;:-os e —_c_os #)

The renge of integratlion in x is Ltl < 2Zk,e. In this range there
may be written approximately: . R
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X
Ro(x) = ~1In x + S_-IAI-L:E‘
u e . (£)
I (x) = Z B,

Dm0

For a given Xk,s an erbitrarily cloee approximation for S, mey be
be obtained by making the mumbex of terms, N and M, large enough.

For ko8 < 2, (x < 4), the following approximations have been

.

naed:

Rg(x) = —In x =~ 0.270 + 0.764x — 0.129x® + 0.011x®

Y (@
I (x) = 1.319 — 0.757x + 0.202x" — 0.020x>

-

The coefficients of those expressgions were cobtalned by making R, and
I, egree with R and I, respeotively, in four points of the interval
0< x g b ) :

By introducing equations (g) into equetion (e) the following inte—
grals occur:
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7 ' .
/ cos 8 — coa @ cos 1n0d8 = 2 éin'ng £
_ [cos @ - cos ¢ : n

o

/ (cos 8 — cos @)com nBAS = ¢ Co .
. . ) A . LO, : Il = 2, 3_, s e 9

.D.

" ' I
b 3 % ein 2¢
o 2o (25 2200,

nwsl
s - , (E S ein W 2 sin 2¢ sinfP
"'II_)" 8 3 ’

s .
/1(009 8 — cos §) con n9ds =d 2

. 6~
Jolcos cos §{ . n= 2

fein(n —2)4 2 ein ng
‘a(n ~ 1)(n - 2) n(n® - 1)

sin(n +'-P.),!

,n=3, l‘",.. - o

L nfn + 1i(n + 2)
%—(l+ll-cos¢), n=l
]
‘: _ —%xcos¢, n=2
J (cos 68 — coa #)® cos noAs = <
o _;_, n=3
O n=h 5 ...

- A somevhat less simple calculation leads to a recursion formilae for the
Integral, : - -
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Y

g - B '
£, = cos 8 ,,coaff. ‘rlnlcose_cog ¢|} cos nfds
jcos 8 — cos @] . SR

Q

The recursion formule is

1 ) 1
(l - ;)fn—:." 2 cos @ £, + (l + E)fn-l-l

31}_1 (n - 1)p _sin (n + l).ﬂ'.
_ﬂ.-_-_-l n+1l

<2,
n .
With. the initial conditions,
2ot pfeinfoi sl 28 -1] <2 eom §($-5)
fznsin2¢]2].n|sin¢l +ln2—1] -s—in—ag—cos 2¢(‘—_

On the besis of these formmlas a number of values of the functlons
Sn have been celculated and the results compared with the results of
the grephlcal solution. It was found that there was very good agreosment
for the imaginary parts of 8p, differences between the two values ob—
tained by the two methods occurring only in the third or fourth decimal.
Somevwhat less satlsfactory agreewent was found for the real parts of
Sn, with deviations of from 1 to 3 percent. While for prectical puy—
poses an uncerteinty of this megnituds with regard to the values of Sy
is of no importance, 1t is belisved that the results of the graphlcal
enelysis are the more reliable. It still appears to be desirable to
pet up an analytical scheme by meens of which the valuss of Bn may be

calculated a.ccura.te to, say, three or four decimels,

A transformtion of 81 (ky8,” x/2) .~ It may be shown that this func—

tion can be written as & single integrel when use 18 mads of complete
elliptical integrals, ¥From equation (16) '
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Sl-\'koa, g). ™ 1 - ik 8 % / cos 6 F(koa' cos 9)das8
°

vith
nf2
/ cos 8 F(k.e cos 8)ag
o nf2 { T oy J (k8 cos 8)2 + A2
. - 1 X _ 2 1
J, cos @ L / | e ‘(kos cos € * X kg (cos 8)x )d-?vj‘ﬂ
/G = aa®
R ‘ l coe @ ‘/(kOB cos e) v
] J‘o R { / =2 - )6.6 ax
0
5t
o aaf X A2+ (ko8)* ko8)=
IS - H O ~/ + kos) o8 ie® sl
A Lkos X x.2+(k°s)"’ J
P 0 Y S NV ANt . }
Lo T ErR TS 2 1+x2) =
there follows then
. 2ik.a -—11:0 A ]
Sl(kcs,g)'l = 51,;:_‘ %Ll

1+ A2 E(_.E‘:__ ar
N1 + A2

_where I designates the complete elliptical integral of the second kind.
It appears that this representation might sexve as the starting point t
of further apalytical work. It ie probable that corresponding, less
simple expressicns may be cbtained for. Sp{kys, §) also when n # 1

and ¢1‘-2-'.
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lAPPENDII B

APPLICATION OF THE THECORY TO WING FIUTTER PROBIEMS
DISCUSSION OF THE THECRY
It was shown in reference 4 that the eq_ua.tibns of motion of a wing

in bending and torsion allerocn flutier with a goared teb can be written
in the form of a determinant as

i
woaE o

™ =g

10

= 0 .. . (B1)

[ 1]

In the present report the elemsnts of the flutter determinant of refer—
ence k are represented as the sum of a structural term, a
two~dimenstonal aarodynamic tem, and a three—~dimensional correction
tam as follorws

T

s A+ A +AA R
=By + By +AB -

sEg’+EA+A

1Q

'Ds+EA_+A

WolY 10 i
g

=Eg +Ba + AE > (B2)

i
'

Fo+ Ty +AF

+§A+AG

+§A_+A_K'

i
.+:_[’A_+A:_E' j

iH 1|1 1@
]
GRE

%
[ 1]
@

In these terms the subscript s refers to the structural terms;
the subscript A refers to the asrodynamic terms calculated by conven—
tional tw—d_tmensional methods integrated a.long the span- end the prefix
A “refers to the finite—span correction to the aerodynemic parte of the
elements of the determinemnt.
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The serodynamic parte of equation (B2) are given by equations (23)
and (25) of this veport. The structural terms are listed below in the
notation of refevemce 4, . .. . o c.r o LT

ge= W1~ () Q) (4 ten) | 10 b O(a)® 8 ]

8
2o = ey [
r

[#a(s)] [fal(z)] &=

o = Gaxg), /B [(e)] [p(a)] ax
. 23 B/p -

. nuxg), ¢ =2 [fn(2)] Ifa(x) ] az -
¥ z, (s8),. - ) '

Be = Gima), J, " iy CR(DD LoD e
B .
o= (ura®) (25 (2) (34 180)

(]

'i J_:..o xI
J Y% (Todr

. ~ X Tg + (6 - A
Fq ={ pLrg? + (o - a)xg ] Jtr -512 [ I:-:(:— a';bsé.]ﬂ [ £o(2) ] [fﬁ(z)] dz
r
Iy + (o --.a.)]:S8
[Ig + (£ - a)usp],

Sg°

folz) 12 az

-

+n (p [re,z_ + (£ — a)xg ]} {:‘ [ £,(2)] [fﬁ(z)]dz
’ T

> (B3}

. _ -

Gy = (sz)r fz : -(—Z-B;—- [fn(z) I [£p{z)]az + n(pxs);_ f:‘ [fh(z)]ifp(zNl az
1 Bl . - a -

‘l J‘zz Is + (e - a._)bss

J m [Ig+ (e —a)bog] [fa(2)] [fp(2)1dz
T r

EB = rl-l-l:J’.‘B2 -+ (e -_— &)IB]

1r
s
~

TP B R Sl el
+nLu~[r5 + ( a)xs]Jr{S' [15+(f:-a)1_:65]r

Ig= (“I‘sz)rji-.l - (i—;)a(%)r 1+ iep)] J - ?;ET [£p(z) Faz
- ' . r . -

[fd.( I'-)J [fB(Z)]dZ

zy

; Ia(2 + n) + 2(f — o)bSy
[Ig(2 + a) + 2(f - e)‘bsa]r

Za

+ f_{ B [I‘.a2(2-'.+.:l‘jn) -+'_2(,f - e )IGJ -}l f

Za

x [£5(2) J%az
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Tn addition to tls general struotural berms of aquation. (B3), the
structural terms for the specilal case of tho uniform rectangular wing
in bending and torsion flubber with a parabolic bending and & lineer
torsion mode ere lisbted separetely as follows., The correspondins asrc—

. dynamic terms are given in eguations (23) and (31).

N
e - (B (2 o) ]
Sa
=5 7 Dby ® . . S
C : .' f(Bh)
. s, .
=8 " hrpby ° .
i 1 1
% " 3mp:°" |*- ?). (4 + tea) | =

“where
M mass of the wing per unlt span

S

et static moment of wing per unlt span about the elastic axis

... moment of inortia of the wing per unit span about the elastic axis

In order to arply finite—span correctiops to flutter analyais a
procedure should be outlined.. A& possible-method is to enalyze Tirst
the problem in questicn by using the conventional two--dlmensional esro—
dynamic terms intégrated along the span. If the rssulting spsod occurs
in a range deemed critical, the rinmite-sren correctione may be intro—
duced.

Since 'l:he a.na,l;prsis ueing the two-dimensional —aluss of the aerody—
namlic parts of the teyms of thes fiutiter determinent gives the approxi—~
mete range of frecusncyr paramsters in which fliutter may be expeocted, the
range of frequsncy peremsterse which mst ve nvestigatel for gan anklysie
using finite—span gorrections is minimized. In. goneral, the mmber of
fregquency parameters 1m'estiga.ted. by ueing uhres'-d.imnaiona.l ecrodynamic
‘tonsiderations may be limited bto three valuse when this method is used.
In the analysis condicted it has besn foumi ihet the calculated Flubtter

i
—
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speed eccurs at a somewhet 1owar va.).ue of the frequency parameter when
the finite—span corrections are epplied. Thie shodld be kept in mind
when conducting flutter a.na_l,ys‘s whi.ch takeos .Lnto account the effect of
a finlte span.

The procedure outliined will be used in the two sxamplee presented
in this a.ppend.!.x

EXAMPIE I

This example is prosented primarily to 1llustrate the method of
applying finite-span corrections to a simple wing in bending and torsion
flutter. The wing sélected for the analysis wae the N—75 wing of refer—
ence 7. In order to supply more accurete data on the characteristics of
the wing, it was again testsd in the M.I,T. flutter laboratory with
equiprernt which wa.s not a.vaila.hle when tha or‘ gina.l tosts weres con—
ducted.

The N—75 wing 1s a réotangula.r wing of aspect ratio 6 with the fol—
lowing characteristics:

2ab, = 60 in.

2 10 4np.

o'l

a = -0.30

=
1

0,0CF5 slug/ft -

()]
1

o 0.00068 slug-£t/ft
I, = 0.00059 elug-ft*/ft

wy(measured uncoupled grouvni '
frequency in torsion) = 8.9 cpe

oy, (measured uncoupled ground
frequancy in bend.ing) = 3.9 cps

op = 0.068

_Ga. - 0.070
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Since all experimental tests were conducted at approximately stand—
ard soa-level coniitlons, the anajysis will be conducted using the
standard sea—level value for the denslty,

o = 0.002378 slug/rt>

No deta on the true flutter mode shares were provided; so the anal—
¥8is will be cearicd out with a linear torsion and a parsbolic bonding
mods assumed. The terms of tho flutter determinant for this special
cass heve been intogreted expl. ciily ani are provided in egunatiomne (23),
(31), end (B4%). The analysis will be purformed end these integrated
Ffluttsr terms used.

Flutter Analysis with Jwe—Dimsrsional Valuos

for thv Aerodynemic Parts of the Determinant

When tho supplied data is incorporated in ths structural paxrts of
the determinant verms from equation (Bh). thess terms becoms,

Q.
Wy \8 oy nB ¥ 1
fem o - (2 () e aa ] ,
-2.3331} 1 — 0.ge0 C% )a (2 + 1ay) |
L . i : -
Bg -
B, =D --—-—-—-—-O.31516
-] =B hﬂpbos

.='; -3-;;:—-[1 ( ) (l-t-iga,)_::

-oemfa-(E) G w]

The corresponding aesrodynamic parts of the determinant terms A,
Bas D, end JFp from equations (23) from two-dimensiongl. cansiderations
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mey be celculated directly for several values of the frequency paremeter
by the use of {able I. . ) )

The two-dimensional serodynamic terms for the rectangular wing with
e linear torsion mode and a parabolic bending mode are:

t- 32 -2 |
et -@es)-cw[EB(3-2)]]

Since the smerodynamlic terms of the flutter detorminantfor this
epecial case may be calculated by simple formmla substitution of the
values of C(k), a, and k, and since T(k} 1is tabulated as a function
of k 1in table I, the actual calculation of the serodynamic terms 1s
not performed here. The dsterminant—erms however, are tabulated in
table X as a Punction of the frequency perameter k.

The flutter determinant thus evaluated and tabulated in table I
will be solveéd by the method outlined in reference L., This method will
not be illustrated, but the two solutions to each of the resultant com—
plex quadretic egquations are tebulated as & function of the frequency
paramster ko in the following table: .
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ROOTS OF THE FLUTTER BQUATION

Piret solz‘rbion Becaond solution
X Vi . Vo
. - 81 - . 22 .
(mph) 0} Capn)
0.4 17.4% —0_.639 29.0 0.081
.5 13.7 439 25.1 | - .030
.6 11.3 - ,330 22.3 - .08;

45

The fluttexr speed 'by this method is determined graphically in figure 23,

and 18 equal~to

€ mph.

Flutter Analysls with Finlte-Span Corrections

S8ince the primery purpose of the report is to illustratc a means of
incoxporating finito-spen corrections in flutter analysis, the means of
calculeting the correction functions o (h &, B, 7)) will be illustrabd
and these funciions applied in thils simple flutter problem.

It has been shown in equation (31} for this special case that the
finite—span correctlions may be expressed in the following form;
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fh_(z) = 2°%; T (2) =2
- 1
21 . 4 1Jy _| gx ' sh ]
b B P e 2] e (T
A=-f “n® C+o-in [16 Kan + =3 1
r . 1.0
ABw-—! 2. 2.1_(}._"—' ®
~ N _ ) - _ T
I R T N W O P~ £t ']*n x! .o 1
2'-k2+kk2 ?,)JC'*JQ-iJl-.l.hk w3 )T
o1 (2. \ 2F 3 (1 I 1d,
A'.D-s—-(-+e.- Opz dz = +—{ =+ a C +
="k \2 / ! n 2 L ..r.—-:wl]
Foh gt L g Lt Lo 1
X = = - — — - . .=
L3 Rt TS Kah " o5 =Rt 33 R A

X ] !
L 35 105

Since the algebralc terms developed for this special example cannot
be developed easily for the gansral case, the correction terms will
usually have to be determined by graphical or mmerical imtegration. For
this example,then,the correctlons will be determined by graphical inte-—
gration and by formmla substitution in the relations listed previously.

It cap be shown from equation (27) that the correction funectlon oy
may be written for the rectangular wing as,

=

_ id; 1,( W A
BT rd(y)’l)
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vhere f J(y) ie the deflection at the station undsr considesration and

w 1s a function which is proportional to the circulation and may bs
expressed as,

i nJ I

The K;:J texrms of this Fourler series may be found from the set of

eguations,

The relation,

holds only to the speclal 6aae of the rectanguiar wing, but the genoral
method of firding w 1s the sams eas that for finding nJ.

In ordsr o illustrate the methed the correction terms will be cal~—
culated for k, = 0.4. BSince the method is similar for any value of I,

the procedure will not be repeated for the other valuss of the frequency
peremeter investigated. The results, however, will Be tabulated for
other values of k.. .

The parameters and tabulated functlions necessary for the desterml—
nation of Cq for the selected value of the freguency parameter,

k, = 0.4, are
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kos = 2.4

u(k) = u(k,) = 0.264k4 -- 0.096k1

1J,
C+ ——2— = 0.5850 + 0.03091
T =15 = 0-5800 + 0.0309

The 5,(f, k,8) functions listed in the following table arc ob—
tained from the plots cf 8,(§, k,s) against k,s in flgurs 2:

T sin ngd : i
~ n — Sp(f, xa) |
, 1 1 0.230 — 0.2954
3 —0.3333 —-.h93 + 3544
19 5 L2000 77 .630 ~ L3374
7 —~.1h29 -.T15 + .3101
1 0.9165 0.280 — 0.3004;
_ { L 3 ~.1059 —.20hk 4+ .115%
) 0 5 ~.0936 ~.326 + 1784
[ T .1380 TUTT2 — L3154
1 0.600 0.588 — 0.2801
8 3 .3120 .985 — .5351
0. 5 | ~.0151 -.110 + .137i
7 —-.1393 —1.330 + .3601
1 0 1.665 + 1.3101
3 o 3.115 « .T72%
' 1.0 5 ) 5.050 + 4851
T 0 T.025 + 34k
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When these functions have been tabuleted, the integral eguation
must be solved to fix the cireculation distribution along the span. It
ie thought that the circulation can be approximated satisfactorily for
2 rectangular wing by the use of a four—term Fourler series approxima-
tion. For thie example the integral equation will be satisfied &t

y/sb, = 0, 0.4, 0.8, and 1,0.
The integral equation,
-
4

? Enghom = F3 ()

then becomes e set of :i.’our simil tensous linear eguations to be solved
for the Kn.j coefficlents. Bince the modes assumed are symmetrical,

only edd veluesa nf n will occur.

The Apy functlons are equal to

Ay = sipnf , B u(x)8,(F, ke)
n 8b,

and vhen these terms are eveluated for n= 1, 3, 5, T at
y/sb, =0, O.4, 0.5, 1.0, the A, functions became, for y/eb, = O,

1 4 =(0.264b E 0.0964) (g 230 — 0.2951)

Ayy =

1+ (0.138% — 0.05051)(0.230 — 0.2951)

= 1,0169 — 0.052k1

Agy = —0.3333 + (0.1384 — 0.0%051)}(-0.493 + 0.3541)
~0.3837 + 0.07361

Ag, = 0.2000 + (0.138k% — 0.05051)(0.630 — 0.337T1)

0.2702 — 0.07851
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Y W -01h29 + (0.138k% ~ 0.05051)(~0.715 + 0.3101) -
= —-0.2262 + 0.07901

for y/sb, = 0.4,

Aip = 0.9165 + (0.1384 — 0.05051)(0.280 ~ 0.3001)
= 0.9401 ~ O 0557,1

Agp = ~0.1099 + (0.1384-— 0. 05051)(—0 20k’ 4+ O. 11511
= —0.1323 + 0.02621

A_, = ~0.0936 + (O, 138h - 0. 05051)(—0 326 + O. 171+1)
= ~0.1269 + 0.0L051

0.1380 + (0. 138h - 0. 05051)(0 72 — O. 3151)
= 0.2289 - 0 08261

Are

. .-

for y/eb, = 0.8,

A,q = 0.600 + (0.138k — 0.05051)(0.588 — 0.2801)
0.6672 — 0.06844 '

A,y = 0.3120 + (0.1384 -~ 0.05051)(0.985 — 0.5351)

-

- = 0.4213 - 0.12381

§

~0.0151 + (0.1384 ~ 0.05051)(~0.110 + 0.1371)

-0.0234% + 0.02451 -

Ay -0.1398 + (0.1384 — 0.05051)(-1.330 + 0.360%)

=0.305T7 + 0.11701
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end for y/sb, = 1.0,

Al_,, = (0.138% - 0.0;051)(1.665 + 1.3104)
0.2966 + 0.09721

5
]

ag = (0.138k — 0.05051)(3.115 + 0.7721)
= 0.4701 — 0.05034

A, = (0.1384 — 0_05051)(5.Q50 +°0.4851)
0.7234 — 0.18791

Br¢ = (0.1384 - 0.05031)(7.023 + 0.34k1)
= 0.9896 — G.30721

With the valuoes of Am determined. and since the modes In ques—
tion are lmown, the sot of simmltansous equatlons,

E:n.JA =f(')

may be solved. This soluiion is carried out In table XI by the use of
the Crout method of reference 8.

‘When the K.:IJ terms hare been calculatad. the functiom w which

is proporticnal to the circulation i is established end the correction
functions o (:} = a, h) may be calculated. Tho values of w at vari—

sta.tiona along the span are celculatsd In table XII and the
J(J = @, h) functions are caloulated in table XIII.

- By us:l.n.g t.he correction fimetion, the corrections to the determi—
- nant terms mey be evaluated graphlcally. In table XIV the integrands
* of the followlng pertinent integrals are tabt.la.ted. for this graphicel
integration: . .. .
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~n1.0 11.0 s 21.0 4 - o
/ oy% dz , / 0.2 4z , / opr dz , f o, z<dz
. u . - .

o

o . . - o - o

'Ihes? :;.ntegrals are evaluated gmphicauy in figure 24, (a), (b), (c),
and (4 . o

e g e e

Foxr this special case 1t 1s posesible to compare the values of the
graphical integration with thoass obtained by substlituting valuws in the
algebraic equations of equation (31) as 18 donme in the following tablo:

For ks = 0.4

Term By graphical integration By direct integration

1. 4 .

S, onzidz ~0.040 + 0.0101 ~0.039 + 0.0111
.0 ) i

I, 0,z 4z —-.0l2 &+ .01kt . . —.0k2 + .02l
1.!-‘

/. opz 4z -.0k3 + .0121 . - —-.043 + 0131
1.0 '

j’é o 2%dz —-.048 + .0LTL -.0L7 + .018t

The ssrodynamic corrections themselveas are tabulated for a range
of ko in table XV along with the calculated determinent terms cox—

rected for Iinite—epen effects.

The flutter dsterminarte corrected for finitte-span offects, the
torms of which are listed ...n table XV, cair be expanded and solved. This
was done, and the resuliling iex guedratic equation was solved by
use .of the method of -eference Theso results are tsbulated as e
function of 1'.: in the followlng table: .
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ROOTS (OF THE FLUTTER EQUATION

First solution . Second solution

*o Vi N
(aph) &2 (mph) Sa
0.333 20.8 ~0.565 33.3 0.035
4o 17.2 -.b28 - 297 | -.038
.50 13.5 |, —-.316 | 25.8 —.120

The actual determination of the ca.lcula.'bed. flutter speed 1s carried out
graphically in figure 23 and the flutter speed is equal to 3L4.2 mph.

Discussion of the results of example I.—~ When the N-—T5 wing of ref—

erence 7 with a 10-inoch ohord wea tested for flubtter, the wving was
obsexrved to flutter at about 34 mph for low sngles of atbtack. The same
wing was agaln tested by the steff of the M.I.T. flutter laboratory, °
when, thie wing was selected for analysis in the present report, to pro—-
vide the measured uncoupled ground frequencies 1n bending and torsion
and to determine the decey curves of the uncoupled bending and torsion
modes so the damping coefficients could be calculated. In addition,
ﬂie wing was again tested in flutter end was observed to flutter et
34,2 mph.

Since the calculated value of the flutter speed with finlte-—span
corrections was found to be 34,2 mph Ffor a value of the frequency
paremster k, of ebout 0.3, the check between the theoretical and

meesured valuee is remarkaeble, It should be noted, however, thet this
close check was entirely unexpected since the Fflutter modes used in
the analysis were not found by conducting a ground-+ibration—mode
anelysis, nor were they cbmerved in actual flutter tests, It 1s be— ..
lieved, however, that the modes used were reasonable.

As an afterthought, the M.I.T. flutter laboratory insmtalled end
plates in the wind tunnel as near the tips of the wing model as wmas
practicable (the gap was about 1/16 in.) in order to approximate two—
dimensional flow conditions as nearly &s posslble. When thls was dome,
the meesured flutter speed wes 30.T7 mph. The calculated two—dimensional
value was 28.6 mph for a values of k, of about O.h4l. This too is a

remarkeble check, considexring that & truly two-dimensional flow was not
possibles under the teet conditlons bhecause a slight gap was left be—
tween the wing tips and the end plates. Fyom this analysis it seems
that the extre work of a three-dlmensional analysis is Justifiled.
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— EXAMPIE II ~ -

In this exmmplse the tall-flutter problem of Example No. T of ref-—
erence L will be analyzed with the benefit of finlte—epan corrections.
The teill in question £fluttérs In fuselage torsion and fudelage bending.
For the sake of the analysia 'bhe eurfaces themselves are aesumed to be
rigid. S

When this example was anslyzed in reference U4, a method of equive—
lent asrodynamic chords was used to calculate the aserodynamic
coefficlents. This msethod is.mesuitable for more exact analvees and is
replaced in this problem by a two~dimensional method of ca.lcula.ting the
aerodynamic coefficients which -despends on the plan form of the suraces
to be analyzed and in which tl.s two-dimensional aerodynemic coefficdients
are integrated alonz the sran. In this prcplem the structural parts of
" the determirent terms used will he those of Example Ho T {reference u).

The vertical and horlzontal tall surfacee. usad in this problem are
shown in figures 25 ani 25. Various other physicel characteristics of
the surlaces are listed in tables XIVI aud XVII. Ths. va.lues of +the un—
ooup...ed frocuencies to be used in the analyslis ars

mm(asaumd uncoupled fuselage sid.eu-‘bendi_ng frequency) = 146.1 radians/sec

@, (aesumsd uncoupled fuselage torsion freguency) = 65.0 redians/sec

aaﬂ(rrea—rudder_r:aequency) = 0 radien/sec

8:%-3&-(}_038
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From Exemple No. 7 of reference 4, the structural terms used are

A, = 67.27 [‘:l— (:i‘-:)a 1.988(1 + 1gy) ]f‘b
By = 100.1 £t
C, = 1.731 £t
D, = 100.1 %

J'H

= 18091 [ 1-(?)2(1+ 13(,,)] £t

= 23.85 £t

J"‘#

= L.737 %

Iy

J‘m

= 23.916 ft

= 3.992 {t

I
-ﬂ

The fuselage torsion and silde-bending modes gessumed in this example
glve the taill surfaces the following modes: ‘The horizontal tall will
flutter with a rigid rolling mods. The vertical tall will have a rigld
rolling mode and a uniform pitchlng mode about the fuselage bending
aexis. The rudder wlll have a uniform deflection mode and since a geared
tab is provided on the ruddsr, the tab will also have a uniform deflec—
tion mode. It is for these modee that the asrodynemic parte of the
flutter determinant must be celculated. DBecause of ths difference in
the root chords, the value of k, for ths vertical tall will be 1.16

times the k, of the horizontal tail.
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Flutter Apalysie with ‘Two-Dimensicnal Values
for the Aerodynamic Parts of the Determinant
By rearranging the relations for the two-dimensional aercdynamioc
terms in equation (23) to fit the special conditions of this example

(where the H subscript indicates values perteining to the horizontal
tall end the V subscripts, to the vertical tail), the texrms become

A = (sbo)vﬁl.o < % )2 [1 - i—: G(k.v-)] 224z

o [ () - Bom]

o, [ (5T (o) [

+ n(sby) f;?( -3-b—;:—3- )s { - [;—v- c,,'.2 - ch]

-3 R 2 oo o
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=.(5'b) f10<333}{ a+<-;—+a)kvc(kv)$-zdz

=g, [ (GBS {5 (3 1

gi— --—a) C(kv.)}d.z

ey

I, = (8b) flo (333) { L2y *

EETIOIE-SJL

+ n(s‘bo)v JZZ"( = 33) { [;s kv

(30 (D[22 52 Jooo}

Gy = (sbg) 10(333) [Bm-—s- —c(k,,) }zaz
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Iy = (smg) j;"’° ( 3_b§-3' )4' {'- { E‘Z,Bj + 1::2 - BBJ

"225[:;1 +’i:]é(kv) }d.z
a0 (2] 22 s, ]

Ba | 2B,(a) 1mz{ay] ...\ 1
..2*2[ v + k: J.G-(kv.)}dz

These integrals may be evaluated graphicelly for a given value of
the frequency parameter. By noting that the frequency parameters are
different for the vertical and horizontal tail surfaces, the function
C(k) can be found from the tables. The functions A, B, eand C can
be found in reference 1. The function E 1s defined in equation (5).
There 1s, then, no obstecle to this graphical integration.

The results of evaluating these integrale for a rangs of k, are

tabulated in table XVIII along wiith the elements of the determinenmt.
The determinants themselves are solved by the method of reference I and
are tabulated in the following table:

ROOTS OF FLUTTER IETERMINANT FOR VARIOUS Kk,

| o Yoy (mgi) & (m‘;;) 82
0.686 0.795 172 0.004 268 —0.176
.600 .696 . 194 .011 31k —. 248
i 436 .506 257 .052 ¥31 —.303
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The caloulated flutter speed ie determined gra.phice.}.]y in figure 27.
The 'trus airspeed celculated by this method is 243 mph.

Flutter Analysis with Asrodynamic Texrma Corrected
for Finite—Span Effects

The relations for the finite—span correctioms from equation (25)
modified for this example becoms )

~ Z‘ - -8
by v i1 {2Ea(a)  iE(3)
+ n(abo)v .‘/zs ( 33 ) "L -= e + = ] cryv} zdz

4D = (8b), [Lo(, 3?;3-)8{(%*‘}%“
AR = (sholy /‘L (333> {<_+ ol €+%<§;.a‘)]°ﬁ}u




60 RACA TN Fo. 1195

cready [P { G (DS 2] o

+-n(ab°)v -[;xo(%y{ (%*“)(i){ﬂgd) . ﬂ::d) ]

cop ba

AGm= (B'bc,)v j;‘-"" %)a[—? i-;uhv]zd.z

ox-wmy [U(5E) {RiE () Jow b

1.0 bv_'ig" Eér@ 'm !
AE'(Bbo)v/; (Esg)i—a"a k§1+kv2:‘°’ﬂv}u

2.9 4 ~ o [ .
. by ™ Es | 2B;{4) 1Bp(d) |
+ n(eﬂ:,:)v /; ( I3 /:_{ - =L k$ * o J 677} dz

When these termas are investigmted, it 1e obsarved. that five types
of o5 appear in the different relatione. This means that five sets

of simultanecus equations must be solved to deturmine the circulation
distributions over thesé surfaces and thua the correction functiona oy

for each value of o/U selected. -

' For the surfaces provided in this i)r:b?.em, it 1a felt that a three
‘term Fourier series epproximetion for the cireulation will be satlisfac—
tory. This means that five sets of three simmltaneous equations must be
solved., i '
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in thie probiem there.aye thres basig, types. of solution in each of
which the A, terms ere.‘the Samei +the rolling of the horizentel tail

surfaces, the rolling of the Vertical tall murfacy¥e, "and the piltching

of the vertical tall surfaces; rudder de¥leé¢tion, and tab deflection.

Of the five sclutlons'to 'be conducted, only-the esolution for the tab de—
flection 1s problematical, begause of. the.dlaconbinuous engles of attack
at the tab extremities .which meke it Impossible to obtain & satlefactory
circulation distribution with & finite nymber of terms in the Fourier
serles spproximation. The stand is taken.that soms correction is better
than none though: so the three—term spproximation-for the circulation is
used for this mode too.

For the two rolling modss the integral eguation will be satisfled
at y/eb, = 0.4, 0.6; and 0.8, and for :the.three symmetrical modes

y/sb, = 0, 0.4, and 08 rorthe-omngmdes, n=2, % 6 entfor
the symmetrical modes n = 1, 3, 5. . :

In the a.na:lysis 'bhe vértica.l ta.il 15 ha.nd.'l.ad. a.s :1.1’ it wore half of
a wing with a full-span aileron. This is sssumed to be satisfactoxry
since the horigontal tell acts as an end plate at the root chord.

In order to illustrate the prooedm a value of /U will be se—
lected which will give for the vertical teil e value of k, = O, 506 end

for the Lori zonta.] tell a va.lue of ko = 0, 11-36
‘For the rolling of the horizontal tail the correctionr functions
qh maybepp.loulatedasfollm . e

- ; - . =y

" The necessa.ry peremoters a.nd. functions for the solutions are first
listed 1n the following tables: ..

(k, = 0.436)
Lofawe || 2 o i n(i)
sbg by wzl®) (x) To (k)13 (k)

0.% [0.375 | 0.860 | 0.9126 ~ o.1h9é1 ‘0.5988 + 0;0151;1 0.2463 — 0.08731
L1 .3361 .770| 951 — 174TL| .6205 — .00881i | .2834k — .10381
81 .286| .655| .9953 — .205Li| .6523 & ...039ki | .3007 ~ .108¢
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| ks -'1_.101,' y/eb = 0.4

i- .
a| oz 8,(8, Ky9)
2 "0.3667 |- 0.hoh — 0Q.2781
L <. 2403 . -850 + .2931
61 .1132 L6575 — .1501
y/sbg, = 0.6
2 / 04800 0.780 — Q.3901
L —~. 1344 - =547 + 1501
6 -, 1068 ~.710 + .1781
- y/ab, = 0.8
2 " 0.4800 0.788 — 0.4331
i .13h4k 525 - L1701
6 —.1098 —.T10 + .203%

When this is

may be evaluatod..

done, the A, coefficients of the

—

) Eng Ao =

integral sguation,

By taking the necessary velues from the tables and noting that

the A,, oocefficiente become,

Cren

A= ”iﬂ 2. :: w(k)Sa(8, ko8

Q
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for y/sb, = 0.4,

x(0.860)
2.525

= 0.3667.+ (0.2635 — 0.09341) (0.hok — 0.2781)

Agy = 0.3667 + (0.2453 -~ 0.08731) (0.kok — 0.2781)

= 0.4709 — 0.119%1

Agy = —0.2493 + (0.2535 — 0.09341) (—0.850 + 0.2931)
= —0.LI59 + 0.15651

Ag, = 0.1132 + (0.2635 — 0.05341) (0.575 — 0.1501)
= 0.2507 — 0.09321

for y/sb, = 0.6,
A2z = 0.1800 + %";—;’750—’ (0.283% ~ 0.10381) (0.790 — 0.3901)

= 0.4800 + (0.2715 - 0.09911-1) (0.7‘90 - 0.3901)
= 0.6559 — 0.184k1

= 02344 4 (0.2715 —~ 0.09941) (-0.54T + 0.1601)
= ~0.2670 + 0.09781

Agp = —0.1098 + (0.2715 — 0.029h1) (-0.710 + 0.178%)
- —0.28’4'9 + 0.11111%



6L ) - NACA TR No. 1195

for y/sb, = 0.8,

7(0.655)

A_g = 0.1800 + Py (0.3007 — 0.16891)(0.786 — 0.4331)

= 0.4800 + (0.2450 — 0.08871)(0.788 — 0.4331)
= 0,63k7 — 0,1761

Ae ™ 0.1344 + (0.2450 — 0.08871)(0.525 — 0.1701)

= 0.2479 — 0.08821

Age = —0.1098 + (0.2150 — 0.08871)(-0.T10 + 0.2031)

[>9 —0.2657 -+ 0.11271

Wheri the A, coefficients have been calculated, the two—

dimensional ciroulation functloms (TS;) must be evaluated. For the
rolling mode,

'5;2) -k [-———-ﬂ:(? Sy £,(3)
2
'Lk H (k) |

where in this case,

-~

s'bo

==z fhcs ) =

In this example the sweepback function eim appeare as there is
some sweep in the surfaces. The tralling and leading-edge coordinates
of the surfaces can be found in figures 25 and 26. 3By using the pre—
vicusly tebulatwd parameters and functions end introducing the sweep

functions, the velues of ngz) may be determined as follows:

A e
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X 4%y 0.733+0.98 o
2b, 2 )

ky = Kooy = 0:0558

zm.-

km -
e = (0.9985 + 0.05581)

&’ = 4(0.9126 ~ 0.14961)(0,5985 + 0.05581)(0.37501)(0.4)

= 0.0591 + 0.55181

e = (0.9965 + 0.93k1)
Q. = 4(0.9451 — 0.174T71)(0.9965 + 0.08341) (1 0.336)(0.6)

= 0.0768-+ 0.T7091

for y/sb, = 0.8,

z = -0.hk75 -; 0.855 = 0.190

km = 0.0961
i’m- (0.595k4 '+ 0. 09601)

r—l]gz) %(0.9953 — 0.205k1)(0.995k + O. 09501)(0 2861)(0.8)
= 0.0996 + 0.92L51
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The sst of equations,
N -=(2)
Z.KmdA ra ™ Ypp
way now be golved. This ls done in table XIX by the Crout method,

When the valucs of K, bave been determined, the valuss of
- N sin nff
nh = Z_,Knh m

can be found and thkis 1s dome in table XX.

The valuss of the correction funoctians can now be calculated with
it noted that

1y (k) ] aj -
1)

T (k) — 173 (k) —(z2)

r
a.‘:l -. _l_C(k) + ;-;gz)

This is done as follows,

for y/eb, = 0.k,

- r
oug = (0.5983 + 0.01541) | =0.059% + O.h3hat
0.0591 + 0.55181

_1J

= ~0.1427 + 0,1101.

for y/sbg, = 0,6

s o iwr. o w ] =0,0895 4+ c'>.580h1 J
c = (00,6205 - 0,00881 -1
wg = (0.6205 - -)-l_ 0.0768 + 0.T7Q91
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for y/ sb, = 0.8

—0.105T7 + 0.66861 _ 1]

= (0.6 - 0.03911 I:
opg = (0.6523 3941} 0.0996 + 0.92451

An exactly similar procedire must be followed to find the correc—
tions. Oyy, Ouys Oy and O for a given valus of kg . It should

be remembered though that the value of ko is different for the ver—
tical tail.

When all ‘the correction functions have been evalnated, the values
of the finlte—epan corrections can be found by a graphicel or numericel
integration of the integrals listed in the beginning of thie section of
Example IT. This inbtegration was carried out, and the values of the
finlte—epan corrections found are listed in table XXI. The flutter de—
terminant terms calculated with use of two—dlmensicnal aerodynamic
considerations and those corrected for finite—spen effects are also
listed in this tabls. :

The determinants can now be solved. TFor this problem the solutions
are found by the method of reference 4 and the results are tabulated in
the followlng teble:

First solution Second solution
kom kov Vi ) Vo
(mph) g (zph) 82
0.436 0.506 267 0.030 423 -0.212
. . @6 196 -~ 012 3@ bt} 151
.686 .T95 173 .006 233 - 071

The actual flutter speed 1s determined grephically in figure 27. The
calculated value of the true airspeed atv which fluttexr occurs when the
finite—span coryections are used 1s 299 nmph.

Discussion of Example II.— Example No. T of reference It indicates
that the observed Ilutter speed for the tell enalyzed in this problem
fluttered experimentally at about 262 mph true airspeed. The fact that
the theoretlicael analysis, however, doem not check the observed flutter
speed l1ls not consldered significant beceuse the observed flutter speed
was reported by & pilot some time ago and may not be accurate and the
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analysis 18 e.;p_c;::oxima.'be in that no attempt was made to take into account
the effective inertia due to wing motion or the elastic restralnt end.
demping in the rudder control system.

.. It 1s considered significent that the three theoretical anslyses
give such widely varying values for the calculated flutter speed. These
vaiues of the txue alrspeed are 220 mph for flutter speed calculated by
the method of equivalent chorde of reference h; 242 mph for a value of

for the flutter speed, of about 0.53, when the.two—dimensional aero-—
dynemic terms are integrated along the apan; and 299 mph for a value of

k, of about 0.k5, when the serodynamic terms are corrected for the of-

fects of a finlte apan.
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TABLE I TABLE II

VALUES OF FUNCTION C = P + 1G . VALUES OF FUNCTION «(k)

!
.-1

k c. . "k . AL
0.00 1.0000 - 0.00001| | 0.00 0.5000 .- 0.00001
0.01 0.982 - o0.04821 0.02° 0.810 - 0.04221
0.025. 0.9345 - 0,08721 |- 10.0 0.4607 -~ 0,06651
0.0l 0.9267 - 0.11601 0.0 0.4}410 - 0.08291
0.0 o.gogo - 0.1 qzi 0.08 ‘0.l4226 -~ 0.09421
0-'0 0. 920 - Ool 1. 0..10 0-]{051 - 0’010181
0.08 0.860L -~ 0.160h1 0.125 '0.3857 - 0.10821
0.10 0.83%20 -~ 0.17231 0.15 . 0.3690 ~ 0.11201
0.16- ~0.7628 - 0.18761 0.20" - 0'5598" 0.11391%
1 0.20 . 0;2236'-'0.18 61 0.225 0.3268 - ©6.11321
0.2 o. 2 9 -'0.18621 0.25" 0.3154 - 0.111631
0.30 0.6650 -_O.L?9gi 0.275 0.3009 ~ 0.10991
0.34. - 0.6469 - 0.173B1, 0.3%0 0.2935 - 0.10761
0.0 - " 0.6250 - 0.16501| {0.35 0.2787 - 0.10231
0.4l 3.6130 - g;isgzi- o.hp g.z L, - 0,09641
o- Q [] 79 - . 1 O. ‘ . -2_ 1 - p-o o i
0-§6r' - o.g ag --o.laagi O 3= -o.eZog - o;ogugi
0.60 - 0.5788 - 0.13781] -] 0.55 - "0.2289 - 0.07751
0.65 0.5213 - 0.13121 0.60 - 0,2220 - .0.07221
0.66 0.5699-~-0.13081 0.65 - 0.2139 .- .0.06651
0.7Q. . © 0.66L7 - 0.12651 0.70 -0.2062 - 0.06101
o.gs__ 0.5591 - 0.12121 0.55 0.1991 - 0.05571
0.80:" 0.5541 - 0.11651 0.80. © 0.1 - 0.05071
0.85 075507 - 0.11201 0.90" © 0.1801 - 0.0L131
0.90 0.50L60 .- 0.1,0781 1.00 0.1688 - 0.0%291
0.95 .o.suzz:f_q.10h01 1.25 01436 --0.01591
1.00 ~ 0,539 - 0.10031f [1.50 -0.,1218 - '0.00L21
1.20 0.5300 --0.08721-- 1.75 0.1027 + 0.00301%
1.50 0.5210 - D.07361 2.00 0.086L + 0.00661
.00 0.5129 - D.05774 2.10 0.0807 + 0.0070i
.00 0.5063% - 0.04L001 2.15 0.0780 + 0.00721
.00 0.5037 .- 0.03051 2.20 0.0754 + 0.00721
6.00 0.5917 -.0.02061 2.25 0.0730 + 0.00721
10,00 0.5006 - 0.01 2.30 0.0706 + 0.00701
oo 0.5000 - 0.0000%| 2.35' 0.068L4 + 0.0D691
— : Elhg 0.G663 + O.006A:
2. 5.0532 + o Ul

NATIONAL ADVISORY p “Uolu + O 00
COMMITTEE FOR AERONAUTICS. 2. 24 0.0551 + 9.99241
TE LR U D A
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TABLE IV

TABLE III

VALUES OF FUNCTION

VALUES OF FUNCTION

(k)

1C(k
kH,

iJ
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icC

k H
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TABLE V
[- -]
VALUES OF FUNCTION F(x) = oInfl 4 1 _/XE FATNAN
o X X XA
x F x B
0.00 w - 1. 11 2.2 0-113 - 0',-..2 1
.05 2.750 - 1.?; 81 2.).6; 0.037 - 0.3951
.10 2.109 - 1.3751 2. 0.08% - 0.3691
30 1.155 - 1.1461 3.0 0.063 - 0.3
Ao 0.933 - 1.0601 3.2 0.0 g - 0.3051
. o O.ZT - 0.9871 3.% 0.02 - 0'28 1
.60 0.658 - 0.3221 3. 0.043 - o.zz 3
.70 0.361; - 0.8651 .8 0.039 - 0.2601
.80 0.489 - 0.8131 a.o 0.035 - 0.2,81
.90 O-hZZ - 0.76B1 L.2 0.031 - 0.2371
1.00 0.376 - 0.2261 u.lz 0.028 - 0.2261
1.10 0.333 - 0.6891 L. 0.026 - 0.2171
1.20 0.227 - o.ggﬂ.l 4.8 0.02; - 0.2081 | »
1.30 0.2 a - 0.6241 5.0 0.022 - 0.2001
1-’-'-0 0.25 - 0|5931 5-2 0.020 - 0.1 21
1.20 0.21); - 0.567 5.12 0.018 - 0.1851
1.60 0.192 - 0.5401 5. 0.017 - 0.1791
1.30 0.12 - 0.517% 2.8 0.016 - 0.172%
1.80 0.160 - 0.[1961 .0 0.015 - 0.1671
1.90 0.146 - O.4751 1/2x*® 1/x
2.00 0.13 - 0.4581
o _ NATIONAL ADVISORY .
TABLE VII COMMITTEE FOR AERONAUTICS
VALUES OF FUNCTIONS —é"": 22 AATIST ocos § = I
%
|§=cos¢’ o 0.2 0.l 0.5 0.6 0.8 0.9 1.00
sin 1 0.9798 | 0.9165 |0.8660 | 0.800 {0.600 [o0.4355| O
sin 2 o | 0.1959 | 0.3667 | 0.4330 | 0.L4800 | 0.4800 |0.3921 | o
ain =0.3333 [ -0.27hl; |-0.1099 o |{0.1173 | 0.3120 |0.3255 0
—ri—E'Jaé-B Z 0 }-0.1803 |-0.2493 |-0.2165 |-0.134L | 0.134); [0.2433 | O
sin 0.2000| 0.1070 }-0.09%26 +0.1732 {-0.1994 {-0.0151 |0.1550 o]
sin 6 ‘0 0.1558 | 0.11%2 0 |-0.1098 {-0.1098 | 0.0707 o]
sin .0.1429 | -0.0472 | 0.1380 | 0.1238 | 0.0295 }-0.1398 |-0.0022 0
sin 8 o |(-0.1249 | 0.0188 { 0.1083 | 0.113L [-0.113L [-0.0558 o
sin 0.1111{-0.02)46 {-0.0940 o | o0.0980|-0.0525 }-0.0882| o0
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TABLE VI

VALUES OF FUNCTION

7

cos g - cos@

cos g - cos 8|

F cosn® 4o

FOR VARIOUS VALUES OF n, kgs, and y#/s = cos £

kos =0
meosg | o 0.4 'o-.6 0.8 1.0
1 1 1 1 1 1
2 0 0.8001 | 1.2000 | 1.6000} 2
3 -1 {o.8401 }{-0.3593 | 0.4399 } 1.5601} 3
I ") -1.0879 |-0.6722 | 0.8963| L
5 1 lo.sh61 |-0.5105 |-1.2L64 [-0.1259]| 5
6_ 0 0.6792 |-0.823L4 [|-1.3723| 6
7 -1 }o.3373 | 1.0542 | 0.2578 |-1.6307| 7
8 0 0.1644 | 1.1335 |-1.5113] 8
9 1 }o.2257 |-0.9232 | 1.1020 |-0.7876 9
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
kos =
n~eQss 0 0.L 0.8
1 0.66 0.701 0.828
-0.31L % -0.2931 -0.1811
3 -0.851 -0.311 1.420
+0.2151 0.3631 —0.12%]4,1
5 0'908 —0-L|-6 -0.1
-0.1614 0.0731 w.o%gi
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kos =1

cosf 0 0.2 0.4 0.6 0.8 1.0
1. | 0.4,68 0.479 0.516 0.589 0.729 1.250
-0.3561 | -0.3521 |-0.3401 [-0.%091 |-0.2231 }O0,.7271

2. | o.000 0.516 | 0.823 | 1. 2zou(/ 2.068
0.0001 -0.2741 }-0.3821 |-0.4191 jO0.476%

-0.72 ~0.61 -0.27 0.331 1.280 .021
3 o.§o§1 0. zhgi 0. ogﬁi -o.5 01 |-0.38;1 % 3311
L 0.030 -0.869 |-0.556 0.7610 |L4.009
0.000% 0.2821 | 0.1531 }-0.1621 |0.2491

] 0.820 | o0.451 }-o. -1.063 |-0.116

? ~0.24141 -0.&?01 0.&%%& 0.2731 0.0631 3 20;1
6 0.000 =0,720 |-1.26 6.003
0.0001 -0.?&&1 0.1671 0.1831 0.1661

T -0.868 | ~0.316 0.92 0.231 |-1.,498 7.002
0.205 0.0%21 {-0.2061 {-0.0L21 | 0.2261 [O.1431

8 0.000 0.146 1,026 |-1.ho2 8.001
0.00041 -0.0321. {-0.2871 | 0.175% }0.1251

0.8 -0.2010 |-0.8 1.008 |-0.736 .001
9 -0.1331 0.0661 | O, 1%&1 ~0.1711 o.g Ti 8.1111

kos =2

osf o 0.2 o.h4 0.6 0.8 1.0
1 0.271 | 0.284 0.327 0.421 0.622 1.551
-0.31811-0.3201 | -0.%3214 | -0.3181 |~0.2691 | 1.1731

2 0.000 0.351 0. 0. 2.210
0.0001 -0. 2361 -0, 931 -o.%g 0.8771

3 -0.545 {-0.468 |-0.221 0.2} 1.062 .08
0.5551 0.2941 | 0.1132 -0.1721 -0.5054 3.su$1

L 0.000 =0.70 -0.472 .038
0.000 - 0. 56%1 0.2301 -0. 2331 _%.hg61

5 0.679 | 0.376 | -0. -0.912 |-0.112 .01
~0.3211 }J-0.1721 3261 0.2701 0.1151 g.ho%t

é6 0.000 0.505 | -0.630 |-1.179 6.012
0.0001 -0,i951 | 0.2%81 | 0.2821 | 0.3321

7 -o 7 -0.2 0.814 0.208 {-1. .006
331 Bﬁi -0.2941 | -0.0581 0.3;31 3.2851

8 0.000 0.130 0.931 "| -1.301 8.o004
0.0004 ~0.0471 [ -0.2751 | 0.252% | 0.2501

9 0.803 [-0.178 | -0.755 0.92 ~0,.68 9.003
-0.2591| 0.1084 { 0.2271 | -0.2581 | 0.0881 | 0.2221

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.




NAQA TN No. 1ig5 TABIE VI (oconcluded)
- ks = L
Ngeef o 0.2 o.h 0.6 0.8 1.0
. 1 0.1%2 0.140 o.éﬁg 0.256 o484 2.055
-0.2341 | -0.2361{ -0.2481 | -0.2821 | -0,3151 | 1.7
2 0.000 0.19 0.390. 0.689 2.540
0.0001 -0.2 -0.3901 | -0.5251 | 1.[991
3 -9.341 |-0.300 | -0.160 0.139 0.766 z.27h
0.3374¢ | 0.2841] 0.1201} -0.1701] -0.5721 | 1.20l1
0.000 -0.488 | -0.3¢ 0.46 .
b 0.0001 O.%ahi o.Z? - .18E1 %.$%§1
0.486 0. -0.250 | -0.688 | -0.11ih .06
2 -0.%521 -0,53?1 o.1gh1 0.4351] 0.2221 3.8031
é 0.000 0.389. | -0. ~1. 6.046
0.0001 -0.3521 0.2321 0.933; 0.6%81
7 -0.584 |-~0.2 0.640 0.176 } -1.172 7.023
0.3511 | 0.0 -0.3671] -C.071% 0.4311 0.5651
8 0.000 0.101 0.772 | -1.120 8.01L
0.0001 -0.0631 | -0.366% 0.31441 | o.497L
9 0.651 | -0.140 | -0.62% 0.7th | -0.596 9.008
-0.3371 | 0.1731] 0.3021] -0.3531] 0.0881 | O.4fj23
ks = 6.0
- n eoss o 0.2 o.hL 0.6 0.8 1.0
]
1 0.082 0.086 0.1 0.1 0.38 2.
~0.1891 | -0.1871 -qlmuoi -O.ZKgi -0.23Z1 2.%%%1
2 -0.000 0.126 0.242 0.511 2.862
0.0001 -0.2171} -0.3331 { -0.4971 | 1.9891
3 -0.240 | -0.22 -0.12 0.08 0.579 3.502
0.3004 ] 0.25 0.11B1} -0.1461 | -0.5691 | 1.6721
0.000 —o. -002 0. 1 .2
b 0.000 0.22%1 q.ag%i -0.8 1 %.3321
5 0.371 0.210 | -0.188 | ~0.5356 | -0.119 5.1,8
. -0.3324 | -0.1854 | 0.1691] o0.L4351 | 0.3391 | 1.190%
6 0.000 ) 0.308 | -0./38 -0.92 6.0
0.0001 -0.2361 0.2021 O.zhgi 0.9331
-0.46 -0.2 0.511 0.1 -1.00 046
7 o.%sgi 0.0561 -o.gehi -0.0?%1 o.hsgi 3.8%91
- 8 0.000 0.0 0. -0. 8.0
0.000 -0.068% -o,ﬁgai o.%?gl o.7§%1
9 0.531 { -0.109 | -Q.517 0.649 | -0.512 9.0a2
-0.3671| 0.2252 ] o0.3331} -0.400i | 0.0571 | 0.6591

MATIONAL ADV'SORY COMITTEE FOR ALRGNAUTICY
.




TABLE VIIYT

¥ACA TN No. 1195
UNIFORM TRANSLATION OF RECTANGULAR WING OF AR = 3
g(=) £
- ¢ e 2609008 /oo 250%boh /5,
0.167 0.757-0.188% |-0.105+0.1291 | 0.055+0,3971 | =-0.013+0.3421
0.167 0.757-0.1881 {-0.137+0.1251 | 0.055+0.3971] -0,011+0.3251
0.167 0.757-0.1881 }-0.285+0.2154 | 0.055+0.397% -0.006+o.2uéi
0.167 0.757-0.1881 {-0.7504+0.1051 | 0.055+0.3971{ -0.0002+0.00l1
0. 0.650-0.1751 |-0.043+0.0781 | 0.008+0.6811| -0.073+0.6361
o.??? 0.630-0.1321 -0.0 g+o.o %1 | 0.008+0.6811 -0.0;3+0.6381
0.%33 0.650-0,1751 | -0,196+0.0831. | 0.008+0.6811| -0.075+0.4751
0.33% 0.650-0,1754 |-0.622+0.0101 | 0.00B8+0.6811} -0.00%+0.0251
0.66 0.569-0.1301 |-0.,018+0.0301 |-0.426+1.191% ¢ -0.489+1.1551
0.66; 0.263-0.1201 -0.056+o.o§51 -o.ﬂ§6+1.1311 -O'EEE+1'1;21
0.667 0.569-0.1304 |-0.227+0.0091 | -0.426+1.1911 | -O. +0.9271
0.667 0.569-0.1%201 |-0.459-0.183t | -0.426+1.1911 ¢ -0,04240.2%01
UNIFORM TRANSLATION OF RECTANGULAR WING OF AR = 6
0.167' 0.757-0.1881 }-0.020+0.0591 | 0.05%+0.2974} 0.024+0,.3841
0.167 0.757-0.1881 }-0.040+0.0701 | 0.055+0.3971] 0.018+0.3751
0.167 0.757-0.1881 |-0.169+0,1 0.055+0.3971| 0.003+0.3
0.167 0.757-0.1881 }-0.750+0.1051 } 0.055+0.3971 | -0.0002+0.0
0.333 0.650-0.1751 }| 0.001+0.0271 } 0.008+0.6811 ] -0.020+0.6811
0.333 0.650-0.1751 }-0.0134+0.0391 | 0.008+0.6811 -0.022+o.6621
0.33% 0.650-0.175% [-0.100+0.0651 | 0.008+0.6811 | -0.060+0.5761
0.333 0.650-0.175%1 |-0.622+0.0101 0.008+0.6811 | ~0.002+0.0291
0.66 0.569-0.1301 | 0.000+0.007% |[-0.426+1.1911] ~0.L4h11+1.1954
o.66$ 0.263-0.1301 -0.006+0.01Ei -o.h§6+1.1g11 -o.ﬁh%+1.1 01
0.667 0.565-0.1301 |-0.058+0.0171 |-0.426+1.1921 | -0.,61+1.0711
0.667 0.565-0.1%01 |-0.459-0.18%% {-0.426+1.1921] -0.0L2+0.250%
UNIFORM PTTCHING OF BECTANGULAR WING OF AR = 3 (a=0)
X c o E(.) L
@ 200" b & 20U b &
1 -0.31 3,142 2.158
o loh| 1 31212 g |
S |36 : =0-3%5 %.1L2 "8
.757-0.1881 [-0.105+0.1291 |2.427-0.1301 [2.063+0,2481
8:%2; 0 3.$§$-8.1381 -0.1 %+o.1zgi_ 2.4,27-0.1%01 |1.963+0.2271
0.167| © % 0.757-0.1881 |-0.285+0.1151 }2.427~-0.130% [1.501+0.1571
0.167| 1.0 } 0.757-0.188% |-0.750+0,1054 |2.427-0.1301 |0.QLL+0.0031
. -0.1751 |-0. 0.0781 }2.133+0.3151 [1.957+0.5361
OB o | el | BURRAG L
8:%3? 1.0 3165320:%$§1 T 625v0-0101 |2.153+0.3181 |0.175+0.0221
. .569-0.1301 |-0.018+0.0301 }1.924+1.2341 {1.837+1.3101
g.gg; o? 3.263-0.1201 -o.o36+o.o§31 1.92h+1.2341 1.735+1.5011
0.667 o.% 0.569-0.1301 }~0.127+0.0091 |1.92L+1.2341 1.217+1.12 1
0.667] 1.0 { 0.565-0.130% {-0.459-0.18%¢ |1.924+1.2341 [0.67340.1781

RATIONAL ADVISORY COMMITTEL FOR AZRONAUTICR




HAJA TN No. 1185 TABLE VIII (continued) 77
UNIFORM PTTCHING OF RECTANGULAR WING OF AR = 6 (& = O)

0 0 1 =0.1743 Z. 102 2597 |
0 0. 1 -0.2037 3,12 2.502
0 0. 1 ~-0.3L467 3. 12 2.052
0 1.0 1 -1 2.142 0
0.16 0.757-0,1881 [-0.025+0.0591 | 2.427-0.1301 | 2.334+0.0431
0.16; o.% 0. ??3-0 1881 |-0.0L41+0.0701 | 2.427~-0.1301 | 2.27940.078L
0.167] 0.8 0.757-0.1881 {-0.158+0.099% { 2.,27-0.1301 | 1..905+0.13%91
0.167] 1.0| 0.757-0.188% |-0.750+0.1051 } 2.427-0.1301 | 0.045+0.0031
o. o | 0.650-0.1751 | 0.001+0.0271 } 2.133+0.3151 | 2.121+0.4011
o.%%% 0. o.sgo-o 1;21 -0.015+0.0391 | 2.133+0.35151 | 2. g 34+0.4301
0.33%} 0. 0.650-0.1751 } -0. 100+0.0651 2.133+0.5151 | 1.785+0.,4681
0.3%33| 2.0| 0.650-0.1751 | -0.622+0.10 2.133+0.3151 | 0.173+0.0221
0.66 o | 0.569-0.1301 | 0.000+0.0071 | 1.92h4+L.23L1 +918+1.2581
sigell | 2R SSEEON D | Fae
0. 0.8] o. -0.1301 | - . .
0.66; 1.0| o. 263 0. 1%01 -0 hgg-o 1834 | 1,92h+1.23l1 Z73+0 17744
- LINEAR SYMMETRICAL TORSION OF RECTANGULAR WING OF AR = 3 (a = 0)
=(2) —
|- c O L__ L
bos 2pU%boa
0 o 1 oo : 0
o] o.g 1 -0.352 . 1.257 1%
o] 0. 1 -0. 596 2.513 1 01
0 1.0 1l 3.1L2
0.167 { 0 |0.757-0.1881 0 ~ocol o] 0.406-0. 0201
0.167 {o.4 {0.757-0.1881 | -0.14}4+0.2201 0.971-0.052% [0.777+0.08 1
0,167 |0. 0.757-0.1881 | -0.363+0.1411 |1.942-0.10ht |1.001+0.174t
0.167 [1.0 }|0.757-0.1881 | -0,750+0.1051 2.&27-0.1501 0.04h+0.0031
333 | 0 10.650-0.1751 o0 = ool 0 0.340+0.0051
0.33% |0, 0.650-0.1751 | -0.076+0.0821 |0.353+0.1261 |0.741+0.215¢
0.333 |0, 0.650-0.1751 | -0.262+0.0981 |1.707+0.2521 {1.007+0.3
0.333 11.0 | 0.650-0.1751 | -0.622+0.0101 [2.133+0.3151 {0.1735+0.0221
10.667 | 0 ]0.569-0.1301 00 -0l 0.235+0. 0861
0.667 o.% 0.569-0.1301 | -0.0L4}+0.0361 |O. 77o+0 hg 0.695+0.
0.667 |10.8 | 0.565-0.1301 | -0.173+0.0121 {1.539+0.9 1.095+0.
0.667 |1.0 |0.569-0.150% | -0.459-0.1831 |1.92i+1.23L1 |0.673+0, 17 s
LINEAR SYMMETRICAL TORSION OF RECTANGULAR WING OF AR = 6 (a = O)
0 o 1 ) i) o ha
0 0. 1 -0.2087 1.257 a
o 0. 1 -0.4290 2.513%
0 1.0 1 -1 3.1
0.167 | o ]0.757-0.1881 co-oo i 0 “jo.292-0.102%
0.167" o.% 0.757-0.1881 —o.oh9+o.0631 0.971-0.9521 [0.902+0.0301
0.167 |0.8 |0.757-0.1881 | ~0.215+0.1281 |1.942~0.2044 }1.373+0.1731
0.167 {1.0 }0.757-0.1881 | -0.750+0.1051 {2.27-0.1301 }[0.045+0.0031
0.%3% 0.650-0.1751 co-col ) 0.230-0.0821
0.33% 0.% 0.650-0.1751 | -0.033+0.0L401 |0.853+0.1261 [0.30L4+0.1691
0.333 |0.8 {0.650-0.1751 | -0.137+0.09%1 |1.707+0.2521 [1. 325+o.h291
0.33% 1.0 ] 0.650-0.1751 | -0.622+0.0101 }2.13%+0.3151 [0.173+0.0221
0.667 | 0 |}0.569-0.1301 oo +aci o] 8-0. oog
0.667 0.% 0.569-0,1301 | -0.012+0.015% o.770+o.hgh1 1+0.5181
0.667 |0.8 | 0.569-0.1301 }-0.079+0.0311 1.5gz+o.9 T 201+o .9831
0.667 |1.0 | 0.569-0.1301 | -0.459-0.1831 |1.92;+1.234,1 73+0.1771

TEL FOm



TABLE VIII (ocontinued) NACA TN No. 1186

LINEAR SYMMETRTCAL BENDING FOR RECTANGULAR WING OF AR = 3

v . (=) i

< bos © %n 200boh /bg BoUZboh /b
0.167 | 0 }0.757-0.1881 00 —col. 0 0.009+0. 0651
0.167 o.LaL 0.757-0.1884 |-0.1444+0,1204 | 0.022+0.1591 }-0,003+0. 12
0.167 |0.8 }0.757~ 0.1881 -0.363+0.1411 | 0,044+0.3171 -0,015+0. 1(21
0.167 |1.0 |0.757-0.1881 |[-0.750+0.1051| 0.055+0,3971 |-0,0002+0.0
0.333 | 0 |0.650-0.1751 0 0.017+0.1106i)
0.3%3 } 0.4 |0.650-0.1751 |-0. ozé+o 0821 0.00340.2721 | -0.031+0.2381
0.333% .8 {0.650-0.1751 }{-0.262+0.0981| 0.007+0. -0,075+0.3251
0.%333 | 1.0 [ 0.650-0.1751 |[-0.622+0.0101} 0.008+016811 | -0.005+0.0251
0.66 0 ]0.569-0.1301 ~e0l 0 -0.005+0.158%
0.66"7( 0'% 0.263-0.1;01 -o.oﬁ.+3°o361 «0.170+0.4771 -o.2c?1+0. i
0.667 } 0.8 |0.569-0.1301 |-0.173+0.0121]-0, I1+0.9541 | -0.361+0.
0.667 [1.0 0.569-0.1501 -0.459-0.1831 | -0.[26+1.192% | «0.031+0.2501

LINEAR SYMMETRICAL BENDING FOR RECTANGULAR WING OF AR = 6

0.167 1 0 |0.757-0.1881 oo -l o 6.021+0. 0071 1
0.167 0.% 0.757-0.1881 -0.0!.1.9+0.06gi 0.022+0.1594 | 0.007+0.2481
0.167 { 0.8 {0.757-0.1881 }-0.215+0.1281| 0.0444+0.3171-0.010+0.2271
0.167 {1.0 | 0,757-0.1881 |-0.750+0.1051| 0.055+0.3971 -0.0002+o.00).|.1
0.333 | 0 |0.650-0.1751 o0 ~eoi o] 0.0%39+0.0701
0.33%3% o.% 0.650-0.1751 |-0.033+0.0401} 0.003+0.2721|-0.015+0.2591
0.33% | 0. 0.650-0.1751 |-0.137+0.0931| 0.00 +o.2)§h.1 -0.071+0.4301
0.3%3 | 1.0 }0.650-0.1751 |-0.622+0.0101} 0.008+ 11} -0.002+0.0291
0.66711 0 |0.569-0.1301 oo - ool ) 0.0%32+0.082%1
0.667 o.Lé 0.569~0.1301 [-0.012+0.0151 -o.17o+0 h’??i -0.183+0.4671
0.667 | O. 0.529-0.1301 -0 .079+0.0311 32 -0.393+0.8221
0.667 1 1.0 } 0.569-0.1301 }|-0.459-0.1831} -0, 6+1. 1921 -0.042+0.2301

PARABOLYTC SYMMRTRICAL BENDING FOR RECTANGULAR WING OF AR = 3

Lz . i ) L

bos B 260°boB /bo 200"boB/bg
0.,167{ 0 | 0.757-0.1881 SO -1 o} 0.006+0.0%61
0.167 o.).e; 0.757-0.1881 | 0.035+0.1061 | 0.009+0.0631 | 0.000+0. 0661
0.167]1 0.8} 0.757-0.1881 | -0.352+0.1431 | 0.035+0.2 -0.01340.1231
0.167| 1.0] 0.757-0.1881 | -0.750+0.2051 } 0.055+0.3971 | -0.0002+0.00
0.33%3 0 | 0.650-0.175% o0 - wi 0 0.012+0.0591
0.333 | 0.4 | 0.650-0.1751 | 0.079+0.0721 | 0.001+0. 1091 -0.011+0.1221
0.33% .8} 0.650-0.1751 | ~0.287+0.0971 | 0.00 +o 16% -0.060+0.2431
0.33% .0} 0,650-0.1751 | -0.622+0.0101 | 0.00 11 | -0.003+0.0291
0.667Tf 0 | 0.569-0.1301 0@ -l 0 0.005+0.0811
0.667]| 0.4 ] 0.565-0.1301 | O. oég-:-o 0501 -0.068+0.1911 | -0.085+0.21L1
0.667 . 0.569-0.1301 | -0, 18 +0.0061 |-0.272+0.7631 | -0.280+0.5111
0.667 .0| 0.569-0.1301 |-0.459~0.1831 |-0.426+1.1921 | -0.031+0.2301

NATIONAL ADVISORY
_COMMITTEE FOR AERONAUTICS.




HAOA TN No. 1196 TABLE VIII (oontinusd) 7e
PARABOLIC SYMMETRICAL BENDING FOR RECTANGULAR WING OF AR = 6

0.167{ o | 0.757-0.188% oo ~%l 0 0.019+0.0231]
0.167 o.% 0.757-0.1881 | 0.105+0.020%1 | 0.009+0.0631 | 0.007+0.0721
0.167] 0.8} 0. 757-0.1881 -0,239+0.13%%1 | 0.035+0. 23&1 ~0.0104+0.17
0.167} .0} 0.757-0.1881 | -0.75040.1051 | 0,055+0.3971 | -0.0002+0.00. 4
0.333] O | 0.650-0,1751 | « o9 =ocoi 0.023+0.0331
0.3353 1 0.4 | 0.650-0.1751 | 0.091-0,0051 | O. 001+o 102 0.,002+0.1
0.533 | 0.8 ] 0.650-0. 1751 |-0. 123+0 0951 | 0.005+0.43861 | -0.059+0.33%31
0.333 1 1.0 0.650-0.1751 -0.622+0 0101 0.003+0, 511 -0,0002+0.0291.
0.6671 0O | 0.569-0.13041 ag +e01. (o] 0.020+0.0561
0.667 o.%. 0.569-0.1301 | 0.057+0.0011 |-0.068+0.1911 | -0,068+0.2101
0.667 { 0. 0.569-0.13%01 |-0.086+0.0271 |-0. 272+o 7631 | -0.309+0.6,481
0.66711.0] 0.569-0.1301 |-0.459-0.1831 |-0.426+1.1921 | -0.042+0.2301
LINEAR ANTISYMMETRICAL TORSION (F RECTANGULAR WING AR = 3
Y L L
k bol . ¢ ’ GJ 20U bo:j- Epu bo?

1 o 0. 1 =0.490 1.2 0.641
TETEE IR BE.
0 0. 1. .

o 1.0 1 -1 5.142

. J ]0.757-0.1881 | -0.253+0.16 1 0.971-0.0521 0.6%6+0.1291
0.167} 0.8 |0.757-0.1881 -o.5h2+o 1591 1. ~0,10k1 1.049+0.22k1
0.167} 1.0 j0.757-0.188% | ~0.75040.1051 7-0.1301% 0.04f1+0.0031
0. 0. 0.650-0.1751 | ~O. +0.1301 34+0,.1261 0.639+0.2591
o.??? o.% 0. 6? -0. 1;21 -0.1 g+o.1281 go+o 1891 0.8 5+o.zz
0.3%3( 0.8 0.650-0.1751 | -0.233+0.1221 .707+0.2521 1.069+0.[ 611
0.333] 1.0 ]0.650-0.1751 | -0.622+0,01.01 13340.3151 0.17%+0.0221
0.6671 0. 0.569-0.1301 | -0.072+0.0611 LTT0+0.4941 0.6h5+o 37L
0.66; o.% 0. 368-0.1301 -0.138+0 hi .155+0.7412 0.9 ?2%1
0.667f 0.8 |10.569-0.1301 | -0.1L6+0. -539+0.9 Ei 1.13 +0 9
0.667} 1.0 |0.569-0.1301 | -0.459-0.1 51 920+1.23 0.673+0.178%

RIGID ROLLTNG CF RECTAIRLAR WING OF AR = 3

0.167 o.% 0.757-0 1881 | -0.253+0.1651] 0.022+0.1591 } -0,013+0.106%
0.167{ O. 0.757-0.18681 | -0.289+0.1621} 0.033+0.2381 { -0.018+0.1};71
0.167! 0.8 [0.757-0.1881 | -0.342+0.1591] 0.04+0.3171 | -0.023+0.17L1
0.167} 1.0 [0.757-0.1881 | -0.750+0.1051f 0©.055+0.%3971 | -0 coua+o.coh1
0. 0.4 ]0.650~0.175% | -0.149+40.1301] 0©0.003+0.2721 | -0.051+0.2101
0.222 o.% 0.620-0.1;21 -0.1 g+o 1281 0. oog+o hgei -0. o;6+o 2931
0.333| 0.8 | 0.650-0.1751 | -0.233+0,1221] 0.007+0, -0.094+0.3511
0.333| 1.0 |0,650-0.1751 | -0.622+0.0104] 0.008+0.5811 | -0.003+0.0291
0.667 0.2 0.569-0.1301 { -0.078+0.0614] -0.170+0.4771 -o 222+0.4111
0.667} 0. 0.569-0.1301 | -0,108+0.050;1 -0.2.5+o.51 1 2%+0,.5 73
0.667] 0.8]0.569-0.1301 -0.1h6+0.0§01 -0.301+0. 5&1 -o 08+0.7081
0.667| 1,0} 0.569-0,1301 { -0.1:59~0.18351] -0.[26+1.1521 -o.oh2+o 2301
1.3%3 o.% 0.526-0,0811 | -0.034-0.0011 81+0 8811 +0. Bahi
1.3331 0.6} 0.526-0,0811 | -0.002-0.0151 1+1 3221 g +1. 21
1.3331 0.8 0.526-0.0811 ] -0.053-0.0321] 1+1 7631 5341 .
1.333] 1,0} 0.526-0.0811 | -0.050+0.43L1 52+2 2031 -o 71 +1.
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TABLE VIII (continued) NACA TN No. 1195

LINEAR BYMMETRICAL TORSION OF ELLIPTICAL WING OF AR = 3 (a = 0)

¥ ' (=) L
k — c - - ~
.bos 2pUab°O. 2D'U'Bbom
o ) 1 0 0 0.391
0 0. 1 -0.419 1.152 0.669
0 o.% 1 -0.535 1.508 0.702
0.212 |0 0.719-0.1881 00 - ool 0 0.252-0.0121
. 0. 0. -0.1891 }-0.181+0,1 0.865-0.0251 |0. +0.0881
o.hz% o (0.618-0.162% oo - ool 0 0.294+0.0371
0.388 |o. 0.629-0.1671 | 0.029+0.0541 |0.762+0.1721 {0.630+0.2301
o.gsh o.g o.69g-o.18§1 -0.27B+o.12h1 1.077+0.0L61 o.632+o.1 31
0.8l 0 lo.551-0.113% co-c0l o} 0.175+0.1141
0. 0. 0.556-0.1194 | ~0.060-0.0111 | 0.694+0.5591 |0.630+0.5201
o.;ZB o.% 0.236-0.1531 -0.177+0.0661 | 0.956+0.3861 |0,66L4+0.4181
LINEAR SYMMETRICAL TORSION OF ELLIPTICAL WING OF AR = 6 (a = 0)
0 o 1 + ©0 o] o.gﬁs
0 . 1 -0 . 2 1 [ 152 0 L] 9
8 o.% 1 -0.37 1.508 0.941
. . -0.188% - ool 0 0.294~0.0711
g.iéﬁ o?% 8.3;2-0.189; -0.33023.0761 0.865-0.02341 |0.76L+0.0561
‘}0.127 |0.8 }0.799-0.1B11 | -0,209+0.12L41 | 1.222-0.1021 |0.893+0.0651
o. o |0.618-0.1621 oo -l v} 0.212-0.0h41
. o.h lo.629-0.1671] -0.046+0.0431 | 0.762+0.1721 | 0.700+0.2151
g.igu o.% 0.692-0.18§ -o.1ﬁ5+o.1121 1.077+0.0L461 0.557+o.1871
3.3% o?% 0.226-0.1131 -0.026:8.00h1 0.694+0.5591 | 0.680+0. 431
"j0.508 |O. 0.596-0.1501| -0.088+0.06l41 | 0.956+0.5361 | 0.800+0.4411
LINEAR SYMMETRICAL ERENDING OF ELLIPTICAL WING AR =
y L . L
k — c oy —_—_— —_—
bos 260%bob /b, 260" bgh/bo
0.212} 0o ]0.719-0.1881 - 1 o] 0.006+0.07h1
0.194 o.% 0.73%3-0.1891 | -0.180+0.1191 | 0.022+0.179%1 | ~0.0074+0.1351
0.1271 o. 0.799-0.1811 | -0.347+0.1391 | 0.038+0.2551 -0.007+o.1331
o.hz% 0 ]0.613-0.1621 - 1 o} 0.016+0.0701
0.3881 o. 0.629-0.1671 | -0.115+0.0751 | -0.013+0.3073% | ~0.050+0.2511
0.254 ] 0. 0.691-0.1851 ]| -0.277+0.1161 | 0.037+0. 1 -0.037+O.22h£
O-th 0 }0.551~0.1131 - 1 ) -0.039+0.1651
0.77 o.% 0.556~0.1191 | -0.057+0.001% -o.aszfo.r 31 | -0.27 +o.u921
0.508] o. 0.596~0.1501 | -0.177+0.0631 | -0.13,+0.7621 | -0.21L+0.5361
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NACA TN No. 1185 TABLE VIII (continued) 8l

LINEAR SYMMETRYCAL BENDING OF ELLIPTICAL WING OF AR = 6

0.212} 0 ]0.719-0.1881 - 1 o] 0.021+0.0611
0.194 o.g 0.733-0.1891 | -0.078+0.0801 | 0.022+0.1791 0.003+0.1601
0.127} 0. 0.795-0,1811} -0.211+0,1231 | 0.038+0.2551 | -0.002+0.1881
0. 0 }0.618-0.1621 - 1 o 0.034+0.0851
0.38 o.% 0.629-0.1671 | -0.0h2+0.0414 | -0.012+0.3071 | -0.03,+0.2871
0.84 0 ]0.551-0.11%31 - 1 0 0.011+0.0961
0.77 o.% 0.556-0.1191 | -0.021+0.0021 | -0.263+0,5431 -0.266+o.22u1
0.508f 0. 0.5%6-0,1501 | -0.087+0.0631 -0.153+o.7 21 | -0.216+0.56521
PARABOLIC SYMMETRICAL RENDING OF ELLIPTICAL WING OF AR = 3
. ¥y (=) T
x — c c —_—— e
bos 260%boh/bg 2p0%boh/bo
O'alﬁ ° 8'718-8'%831 o 0§3+5‘§351 o 00920 0711 8'83;:3’323%
0-1 0| . - . -\ Y - e “ve .
0.137 o.% o.$33-0.1811 -0.372+0.141 | 0.030+0.2041 |-0.007+0.1091}
. 0. o }0.618-0.1621 o -wi o 0.003+0.0651
0.38 0.3 0.629-0.167¢ | 0.029+0.0541 | -0.005+0.123% | -0.016+0.1281
. 0.254 Jo. 0.691-0.1851 |-0.274+0.12411 | 0.025+0.353% |-0.034+0.2131
0.8y 0 }0.551-0.1131 00 = a0l c -0.010+0.0851
0.772 o.% 0.556~0.119% | 0.0%9+0,0121 | ~-0.105+0.2171 -o.116+o.2531
0.508 {0.8 {0.596-0.1501 | -0.187+0.0611 | -0.107+0,6101 {-0,169+0.4181
PARABOLIC SYMMETRICAI, BENDING OF ELLIPTICAL WING OF AR = 6
o5t 1o 0'719—0'1381 &E -5‘B§81 0 00900 0721 8'8%?13'8321
001 0. 0- -0.1 i 0. + ) . + ) - Y
0.13% o.g o.$33-o.1821 -0.228+0.1281 | 0.030+0.2041 | -0.003+0.1,61
0.&2% o |0.618-0.1621 ] ©0 ~wai 0 0.021+0.0391
0.38 o.% 0.629-0.1671 | 0.049+0.0031 | -0.005+0.123% | -0.006+0.1331
o.254 | o. 0.691-0.1851 | -0.157+0.113% 0.029+0.3531 | -0.028+0.2731
0.8y 0 |0.551-0.1131 o0 -1 o] 0.012+0.0421
. 0.77 o.% 0.556~0.,1191 | 0.0%38-0.0131 |} -0.105+0.2171 } -0.101+0.2321
0.508 ] 0. 0.596-0.1504 | -0.087+0.0591 }| -0.107+0.6101 | ~0.145+0.5211
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- TABLE VIII (continued) NACA TN No. 1195
LINEAR ANTISYMMETRICAL TORSION OF ELLIPTICAL WING OF AR = 3

I o s _ _L
of J 260°p,,J 2500, 3
k, =0
0 0. 1 '0- 1 1.1 2 0.
1] 0.2 1 -0, ;1 1.538 o.%E%
o} 0.8 1 -0.571 1.508 . 0.647
k, = 0.212
o.% 0.73%-0.1891 | -0.289+0.152% | 0.865-0.023% 0.2 5+0. 1191
0.6 {0.754-0.188B1 | -0.30 +o.1221 1.162-0.0591 | O. 3+o 1361
0.8 {0.799-0.1811 | -0.305+0.1 1.222-0.1011 | O.747+0.1141
k, = 0.42l '
.% 0.629-0. 1671 -0.183+0.0961 | O0,762+0.1721 23o+o
0.647-0.1744 | -0.197+0.1141 | 1.021+0.1591 | 0.695+0.2 01
8 ]0.691-0.1851 } -0.200+0.1501 | 1,077+0.00161 | 0.7 7+o 2331
k, = 0.847

1244 | -0.099+0.0041 o 70 +o 5
1501 | ~0.121+0.0931 o 957+o 58

o.583+o -5174
0.738+0 51
0.738+0

RIGID ROLLING OF ELLIPTICAL WING OF AR = 3

k, = 0.212
.2 0.73%-0. 1831 -0.289+0. 1561 o 022+o.1 91 }-0,016+0.1081
.6 0. 7%3-0 18 -0. oﬁ B+o.2ﬁ1 ~-0.018+0.1
.8|0.799-0.1811 } -0. 3ou+o 1 21 o 05 +0.2551 |~-0.01L4+0.1581
k, = 0.42h . :
.% 0.629-0.1671 | -0.182+0.10 1 -0.013+0.30741 |-0.064+0.2184
. o.6h7-o.1gu1 ~0.196+0.11 0.003+0.jalhy |-0,073+0.2884
8]0.691-0.1851 | ~0.200+0. 1&81 0.037+o.uu11 -0,0584+0,.3131
k, = 0.8h7
.% 0.562-0.12}1 | -0.098+0.0161 |-0. 228+o «0.274+0. ug
0.562-0.1501 ~0.113+0.037% |-0.268+0. 7271 -0. 313 gi
8 { 0.596~0,1501 | -0.120+0.0891% }~0.134+0.7621 |-0.248+0.60
k= 1.695
.% 0.520-0,0721 | -0.005-0.037% |~1.376+1.0151 Ep +1. 0061
0.525-0.0801 | -0.030-0.0351 [=-1.527+1.3431 38+1.2654
8 ]0.535-0,0991 | -0.056+0.02561 }{-1.0L6+1.37TL -1 «113+1,2334
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NACA TK No. 1195 TABLE VIII (continued)

UNIFORM PITCHING OF ELLIPTICAL WING OF AR = 3

. =(=) =
x| e EE’T‘L L
bo’ CJ 0.1 Epusboj
o] o] 1 -0.yoo . 1.88
0 o.% 1 -o.ﬁoo Z.ﬁ%ﬁ 1.725
(o] 0. 1l -0.400 1.727 . 1.0%
0.212 | 0 j0.719-0.1881 }-0.148+0.1181 | 2.322+0.0061 | 1.816+0.3271
0.194 o.% 0.733-0,1891 [-0.162+0.1221 }2.161-0,0591 | 1.659+0. 1
0.127 |0.8 [0.799-0.181% |-0.227+0.1311 |1.527-0.1261 | 1.084+40.0931
o.hz% 0 p.618-0.1621 -o.ogem.o@i 2.049+0.5691 | 1.76040,7161
0.38 o.% 0.629-0.1671 }-0.083+0.0811 |1.90L+0.[301 | 1.620+0.6181
0.254 {o0. 0.691-0.18;1 -0.151+0.1181 {1.347+0.057L | 1.034+0.2LL%
o.ehz 0o l0.551-0.1131 |-0.037+0.0011 |1.880+1.710% | 1.761+1.6631
0.77 o.g 0.552-0.1191 -0.049+0.0131 |1.735+1.39T1 1.3Z9+1.5801
0.508 0. |0.59 -0.1501 {-0.101+0.0791 }1.135+0.4B31 | 0.567+0.5831
1.695 | O .518-0.0671 | 0.005-0.0181 |1.861+3.8291 1.225+5.7871
1.553% o.% .520-0.0721 |~0.006-0.0221 |1.657+3.1891 | 1.687+3.1131
31.0i7 {0.8 |0.539-0.0991 |-0.081+0.0201 |1.110+1.28B1 | 0.939+1.247s

UNRIFORM TRARSLATION OF ELLIPTICAL WING AR = 3

0.222 | o lo0.719-0.1881 }[-0.148+0,1211 | 0.055+0.4781 |[~0.026+0.3801
0.194 {o.L. }0.733-0.1891 }-0.162+0.1241 | 0.0556+0.4471 | -0.020+0.3L82
0.327 0.8 }0.799-0.1811 |-0.228+0.1251 | 0.047+0.3191 -0.00%5+0.2281
o.h%% o lo.618-0.1621 |-0.076+0.070% }-0.067+0.8231 |-0,160+0.721%
0.% 0. 0.629-0.1671 |-0.082+0.0%61 -o.gzz+o.7671 -0.138+0.667T1
0.25l | 0.8 {0.691-0.185% |-0.154+0.1071 | 0.046+0.5521 | -0.0. 0+0.54291
o.ehz o |0.551-0.113% |-0.036+0.0081 [-0.828+1.4661 |-0.849+1.3691
0.776 | 0.4 |0.557-0.1191 |-0.047+0.0171 -o.627+1.5581 -0.69B8+1.2L431
0.508 | 0.8 |0.596-0.1501 |-0.103+0.0651 }|-0.167+0.9521 } -0.271+0.7871
1.6 0o }o.518-0.0671 | 0.00%-0.0121 }- +2. 7571 | -L4.08B+2.77%1
1.5%? o.% 0.220-0.0721 -0.006-0.0161 -git%%+2.§%$1 -3.557+2.E§ i
1.017 | 0.8 |0.539-0.0991 |-0.075+0.0081 |-1.308+1.7211 | -1.335+1.4011

LIREAR ANTISYMMETRICAL TORSION OF AN ELLTPTICAL WING OF AR = 3
FOR HIGHER VALUES OF Kk,

k = 1.695

0.520-0.0721 |-0.001-0.0L91 | 0.66 +1.27;1 0.306+1.2201
0.525-0.0801 -0.050-0.0h21 0.8 §+1.h3 + 1 0.876+1.3401
0.535-0.0991 | -0.075+0.0161 | 0.8868+1.0501 | 0.7 %+0.9981

Fo= 2.542

HEH
[ ] [ ] L ]

oW
it
~3 OWN
ooo
[ ] - [ ]

oM

2.330 o.% 0.511-0.0521 } 0.039-0.0001 o.628+1.96 1{ 0.693+2.0201
2,03 ]| 0.6 |0.513-0.0571 | 0.031-0.0%11 | 0.861+2.23 0.95h+2.2341
1.525| 0.8 {0.521-0.0731 [-0.037-0.0301 | 0.869+1,6391 | 0.847+1.5521
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TABLE VIII (vortinued) NACA T ¥o. 1195

UNIFORM SPARWISE ATLERON DEFLEOTION OF A FULL-SPAN ATLERON
OF ELLIPTICAL WING OF AR = 3 (e = 0, T = 0.2 b/bp)

b4 ™ T
boe . 207D B 200D B
o] 0 1 -0.400 2.589 1.652
o 0. 1 -0.J400 2.573 1.514
0 o.% 1 -0.400 1.553 0:991
o.u2k | o Jjo.618-0.1621 [-0.080+0.0621 | 1.664+0.3791 | 1.411+0.4811
0.38 o.% 0.629-0.1671 |-0.090+0.07h1 | 1.554+0.2821 | 1.294+0.4001
0.253 0.8 |0.691-0.1851 {-0.150+0.1211 | 1.111+0.0201 } 0.846+0.1671
0. o |o.s51-0.1131 |~0.0h1+0.0011 | 1.369+1.2001 | 1.264+1.1h11
o.?% 0.4 0.226-0.1131 -o.g%%+o.0091 1.51g+o.97u1 1.186+0.9324%
0.508 | 0.3 {0.536-0.1501 |-0.098+0.0831 | 0.958+0.3291 | 0.761+0.L061
UNIFORM SPANWISE ATLERON DEFLECTIQN OF A FULL~SPAN ATLXRON
OF BLLYPTICAL WING OF AR = 3 (0 = 0, 1 = 0.2 b/p_)
2 o o 4p(%) (o) M (o)
| bes B 200%5,28 2009575
0 1l -0.100 0.187 0.124
o] 0. 1 -0.400 0.157 0.10L
0 o.% 1 -o.too 0.067 - 0.045
o.y2 t o |o0.618-0.1621 | ~-0.080+0.0621 | 0.097+0.1911 0.081+0.1971
389 10 0.629-0:1671 | -0.09040.07T41 | 0.087+0.1551 0.073+0.1611
g.gsﬁ o.% 0.692-0.1831 -o.1go+o.1211 0.047+0.0371 0.037+0.0421
0.8k o |{o0.551-0.1131 | -0.041+0.0011 }-0.023+0.4081 |-0.029+0.406s
. 0.l | 0.556-0.1191 | ~0.050+0.0091 | 0.003+0,3121 | -0.005+0.510%
3.%38 o.% 0.336-0.1581 ~0.0 8+o.08g1 o.oz§+o.08h1 o.oz?+o.0871

UNIFORM ATLERON HINGE DEFLECTION QF A HALF-SPAN AITERON OF AN ELLIPTICAL WING

s 5 NATIONAL ADVISORY
or sx=6 (e = 5 1=0.3:-) COMMITTEE FOR AERONAUTICS

e | X o . ) L
bos a _200bp 200 boP

) ) 1 b ") 0.080

o} o.% 1 . oe 0 0.232_

o] 0. 1 -0.494 1.554 0.786 ™

o] 0.8 1 -0,360 1.1&& 0.738

0 0.9 1 -0.239 - 0.7 0.566
0.222}f 0 } 0.7:19-0.1881 oo ~cal o} 0.036-0.0561
0.194 o"Z 0.753-0.18 1 eo — el 0 0.175~0.1211
0.170] O. 0.754-0.1881 -o.zag+o.1261 1.187-0.1821] 0.752-0.0101
0.127] 0.8 0-539‘0-1811 -0.188+0.1301 | 0.930-0.1481 } 0.707-0.007L
0.092] 0.9} 0.845-0.1681} -0.116+0.0911 } 0.629-0.1021 | 0,541-0.0361
o2 o0 | 0.618-0.1621 oc - sol 0 0.006-0.0521
0.3%89 o.% °'2ﬁ§“°'1671 e - el 0 0.108-0.0261
0.%339] 0.6 0. -0.1gu1 -0.,187+0.087:| 1.032-0.0704 0.226+o.0511
0.23 0.8] 0.691-0.1 31 -0.107+0,1274 | 0.813-0.1001 | 0.677+0.0%61
0.185{ o.9| 0.741-0.1881| -0.04L;+0.1481 | 0.557-0.0991 | 0.519+0.010%




NAOA TN No.

1196

PABLE VIII (continued)

86

TUNIFORM ATLERON HINGE TELFECTION OF A HALF-SPAN AILERON OF AN ELLIPTICAL WING

1 b
ar AR-G(. E’ I-O.lb—o)
— (2) -
e | ¢ o My (o) B le)
o® g 20U b, *P
k = 0
o] 0.6 1 ~-0.4h9%4 0.030 0.023
o 0.8 1 ~0.3%360 0.015 0.013
o] 0.9 1 ~0.23%9 0.003 0.003
k =0.212
0.170}f 0.6 o T54-0. 1881 -0.273+0.1261 | 0.026+0.0051 | 0.022+0.0071
0.127} 0.8 329-0 ,1811 | -0.18B+0.1301 | 0.014+0.0021 | 0.012+0.0031
0.092} 0.9 -0.1681| -0.116+0.0911 | 0.003+0.0001 | 0.003+0.0011
ks~ 0.421
.532 0.6 o.6h8-o.1gu1 -0.187+0.0871 | 0.02l4+0.0131 | 0,021+0.0
0.23 0.8 o.6gi-o.1 1] -0.107+0. gi 0.013+0.0051 | 0.012+0.0061
185} 0.9} 0.741-0.1881 | -0.044+0.1484 ) 0.003+0.0011 | 0.003+0.0011
ROLLING-MOMENT COEFFICIERTS Cp FOR A RECTANGULAR WING OF AR = 3
Dus to rigid rolling Dus to linear antisymmetrical
torsion
I Sa/f /g B &™) /E
0 e] o] 1.047
0.167 }~0.008+0.0621 | 0.018+0.1321 0. 3Eg+o o 81 o 809-0. Ohhi
0.525 ~0.03%3+0.1261 | 0.003+0.2271 1+0.1051
0.667 |-0.112+0.2621% |-0.1L2+0.3974 Jiz9+0, o. +0.0311
1.333 |-0.676+0.6561 |-0.817+0.7344 .620+0. 551 0.608+0.9801
ROLLING-MOMENT COEFFICIERTS Cp FOR AN ELLIPTICAL WING OF AR = 3
Due to rigild roliing Due t:lﬂmmranﬁinmuhﬁmﬂ.
torsion
Xo xR/, "~ wor®) CR/\z =r(®) /=
0 0 0.250 0.502
0.212 |-0.006+0.0581 o 01 +o .0 0.276+0.0L491 | 0.,4,58-0.0291
0. -0.026+0,1164% +0.1 0. Sgg+o.1091 o,hnh+o.ohzi
o.gﬁ% -0,111+0.2%21 -o 082+o 2871 0.288+0.2111 } 0.363+0.1991
1.695 {-0,511+0.4861 |-0.513+0.5241 0.319+0.4,691 | 0.34,0+0.4911
2.532 -1.231+0.7531 |-1.256+0.76L1 . 0. +0,7561 } 0.333+0.7681
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TABLE VIII (concluded) NACA TX No. 1195

LIFT COEFFICIENTS Cp FOR AN ELLIPTICAL WING OF AR = 3

Due to wniform 'transla.tion:_ Due to uniform pitching
ko O/ g ch(z)(SE /g :Ei(ﬂ)/aa
0 5} 0 . 1.480 2.46
0.212 -0.001+o.29%1 0.048+0.2891 1.420+0.2121 | 1,867-0.0691
0. -0.103+0.5661 | -0.01%3+0.6721 . 1-356+0-h861 1.665+0.2971
0.847 |-0.55 +1.0361 -0.494+1.1721 1.%5%7+1.0891 1-h95+1-0231
1.695 |-2.8637+2,0801 [-2.665+2.163% 1.385+2.42311 | 1.431+2.4681
- RECTANGULAR WING OF AR = 13.5 WITH INDICATED MODES (k, = 0.097)
Mode Torsion First Second
y/bom bend.ing berding
0 o} o o}
o.% 0.586 0.230 0.683
0. 0.809 0.461 0.58
0.8° 0.951 0.725 -0.06
1.0 1.0 1.0 -1.0
Torsion mode
- _
T /bos c o4 L( )_ L
_2pU"bod 25U%be]
0.097 | 0 J|o.837-0.1704 oR - 01 0 0.302-0.1h01
0.097 o.% 0.837-0.1701 -o.o%5+o.ou81 1.563-0.1511 | 1. 22-0.0701
lo.097 |o. 0.837-0.1701 }-0.069+0.0711 2.153—0.2091 1.9 8-0.0&81
6.097 (0.8 [0.837-0.1701L |-0.109+0.0891 2-22 -0.2451 2.190-0,.0081
0.097 |1.0 |0.837-0,1701 |-0.835+0.1221 | 2.669-0.2581 | 0,013-0.102%
FIRST BENDING
97 | 0 |0.837-0.1701 o0 -~ w0t 0 0.009+0.0134
97 0.% 0.837-0.1701 0.056+0.0011 [+0.009+0.0581 0.008+0.0621
97 10. 0.837-0.1701 }{-0.0L6+0.06 +0.017+0.1171 | 0.008+0.111%1
7 toc.8 (0.837-0.170% {-0.124+0.0961 0.027+0.1841 0.006+0.1571
7 l1.0 jo.837-0,1701 |[-0.835+0.1221 | 0.037+0.2541 |+0.000+0.001%
SECOND BERDING
o o ]0.837-0.1701 - 1 0 .0.011+0.0261
033 0.% 0.833-0.1;01 -0.153+0.1011 | 0.025+0.173%L | 0.00L+0.1421
097 | 0. 0.8%7-0.1701 |-0.176+0.10%1 | 0.022+0.1501 | 0.003+0.1181
037 |0.8 |0.837-0.1701 }-0.619+40.309% [-0.003-0.0171 | 0.004-0.005%
097 1.0 j0.837-0.1701 |-0.835+0,1221 |-0.037-0.2541 | 0.000-0.0011

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.



TARIE IX.— SPAR CORRECTIONS AT MIDSPAN FOR RIGID ELLIPTICAL WING
IN TRARSLATION AND PTICHING, (ORE-POINT APPROXTMATION) /

0.661 -~ 0,1131}~0.013 + 0.0091{ 0,538 ~ 0,1031
0528 - 000841 "'0.008 - OINOL 0.530 - 0.0941

ko8 c Oh = Og = 0 Ct+o AR
0 l1+0}|, ~0,571 .0.429
0,6 0.618 ~ 0.1681 ~0,196 + 0,0921 0,422 w.0,0701
1.0 0.651 -~ 0,113} ~0,114 + 0.0084 0,437 - 0,106 1.5
2.0 00518 - 000651 "'0.018 - 000441 00500 ol 001101 -
4.0 0.505 - 030361 +0.005 + 0.0071 00511 - 0.0291
0 1+ 01 -0,600 0.600
1,0 0. 573 - 0.1341) =0 .105 + 0. 048% 0,470 ~ 0.0861 2
2.0 0.628 ~ 0,0844( ~0,042 ~ 0,0184] 0,468 -~ 0,1021
4,0 0,608 - 0,0481] +0,004 + 0,017i| 0.613 - 0,0311
0 1+ 01 ~0.400 0,600
0.6 0,719 ~ 0,1884| ~-0.1564 + 0.185i| 0.565 - 0.0631
1.0 0.618 - 0,162} ~0,079 + 0.Q761| 0,639 - 0,0871 3
2.0  ]0,66) - 0,113} 0,043 + 0,0181| 0,607 ~ 0.0961
4.0 0,618 -~ 0,067} ~0,010 -~ 0,0134| 0.608 - 0,0801
6-0 0.5’09 L 0.0471 +0|007 bl 0.0051 0.516 - 0.0521 -
0 1-01 ~0,260 0,760 N
g {0.824 -~ 0,1761| ~0.108 + 0,0961{ 0.718 - 0,0781
0
0
0

-|0-719 - 01891/ ~0,052 + 0.0771| 0,669 - 0,1111 | {
Iz.ela ~ 0s1621| 0,081 + 0.0371| 0.607 = O.1241 J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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- NACA TK No.

.
‘TAHLE X.~ DETERMIFNANT TREMB AS A FUNOTION QF k FOR EXAMPIE I

Dotsrminant terms

ftwo-din.)
Aero. part of term (‘ ==
Term Btructural, part of term h ) -t
OG
(=Y e =a)
x = 0,333
»

A 1.3531[1—0.1950(:—‘).(1... “n).l -0.0096 — 0.Ti9 1.3233 - 0.T1993 — 0.236m
B 0.3134 ~3.0992 ~ 0.Th3TL -2.7%38 - 0. THATY

2 0,315k ©.197h + 0.19502 0.4428 4+ 0.19501

| 0.8789 r 1 -C? ). -+ .'-q‘)] 0.5075 — 0.801T2 1,.786% — 0.800T — 0.8780
k= 0.k

A 1333 f 1 — 0.1920 ( :_\; ). G+ “n’-l 0.03%0 — 062504 1.3681 — 0.62504 — 0.256@m
3 0.315% -€.0h3 ~ 0,73k —23.TeTT — 0.TIkk

D 0.313% ©.1153 + 0.15631 0.M31T + 0.15631

z o.ml—x—(;‘:-)' 1+ 1.5)] 0.6365 — 0.637L 1.50%% - 0.63754 — 0.878:
X =05

4 1.33% |- 1- 0-.19&;( :E)‘ 1+ 1¢hl1 0.079h ~ 047831 1.M25 — 0.57831 — 0,226
3 0.3134 —1.2kh — 0.6T651 ~0.9260 — 0.67695

B 0.313% 0.10%1 + 0.1:961 0.5a0% + 0.11961

g | oo 1-(2) as1g] O.MeaT - 0.3B62t |  1.3016 — 0,861 — 0,878
k = 0.6

A 1.333 l— 1 —o.:.sm(:-—“). Qs+ !gh)-l 0.1081 — 0.38291 1.302 — 0.39%91 - 0.256m
B 0.315% -0.8208 — 0.60121 ~0.505k — 0.61121

D 0.3134 0.0980 + 0,09651 0.513% + 0.0961

| oem|i-(2Ya.q] 0.3 - 0.MET |  1.2513 - 0.keT - 0.8760

NATIONAL ADVISORY COMMMTTEE FOR ALRONAUTICE
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HAGA TN Xo. 1185

BABIE XT

Given Matrix

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

—0.2058
06611

2.0302

-1.
.083n1

2.5870

' =1.1786
LTS

X = 0.0195

x'_ = 0.2809

0.6631
05581

3.0192
21821

—1.0207

01311

1.2808
00904

1.526h
.08k

2.1785
27751

1.0193

1.2808
.00901

0.16

.64

1.0

0.6772

1.0668

1.399%

i

1.1856
—-.01861




NACA TN No. 1185

TABLE XII.— VALUES OF w AT VARIOUS STATIONE ALONG THE SPAN

(EXAMPLE. T)
ein sin sin
L |a| 2| g, ¥ o 222

1 1] o.9185 |0.83095 + 0.02931 | 0.4824 + 0.0445%

| s] .-0.1098 [|-0.1135 ~ 0.02581 | -0.1295 - 0.03051i

0. 5| -0.0956 }0.0855 - 0.00881 | -0.0018 + 0.00721
7] o.1380 0.0200 - 0.00261 | 0.0388 + 0.00121 |

w; |0.1826 - 0.00801 | 0.5899 + 0.02241

1| o0.800 [0.28702 + 0.082561 | 0.4211 + 0.08881

8| 0.1175 }|0.1212 + 0.0276i | 0.1%82 + 0.03261

0.6 5| -0.1984 }0.0715 - 0.00851 | -0.0039 + 0.01541
7| o0.0295 |0.0045 - 0.00061 { 0.0085 + 0.0005L

. w3 | D.5242 + 0.04451 0.5657 + 0.08711

1] 0.600 |0.2026 +0.019241 |. 0.8158 + 0.02911

| 3] 0.8120 [0.5288 +0.0755L | 0.3677 + 0.0867i

0.8 s| -0.0151 |0.0054 - 0.00061 | -0.0003 + 0.00121
71 -0.1398 }[-0.0204 +0.00261 | -0.039%8 — 0.001L51

w; |0.4981 + 0.09451 0.6458 + 0.1157%

1| 0.4559 |0.1472 +0.01591i | 0.2295 + 0.02111

8| 0.35256 |0.3562 +0.07651 | 0.5836 + 0.08051

0.9 5| 0.1550 [0.0556 +0.0065i | 0.0030 - 0.01191
7| —0.0022 }0.0005 +0.0000i | ~0.0006 - 0.00001

w; |0.5587 +0.09681 | 0.6155 + 0.09974

NATIONAL ADVISCRY'
COMMITTEE FOR AERONAUTICS.



WACOA TN Xo. 11?“5_313 S T oy (3= a, 1) 91
(EXAMPLE T)
PARABOLIC
¥ 1J
;Z—'- V4 fd(y') fJ:J') -1 C + TaT o3
o| = — -| o o —col 0.5850 + 0.03091 o —cni
0.4] 0.1526 -~ 0.00801 | 0.168] O0.1415 - 0O.0188%1 0.6850 + 0.03001| 0,.0838 - 0.00866:
0.6] 0.5842 4 0.04451 | 0.58] -0.0884 + 0.12511 Q.5850 + 0.05081} -0.0620 + 0,0689
0.8 | 0.4991 4+ 0.09451 | O.64| -0.2808 + O0.1477L c.5850 + 0.08081} -0.1384 + 0.0
0.9] 0.5887 + 0.08684 | 0.81] -0.5548 + 0.11961 0.5880 + 0.035091| -0.1988 + O.
1.0 4] 1.0 -1 0.5850 + 0.05091 | -0.5850 — 0.05091
LINEAR TORSICN
o 0 © oo —emd 0.38%0 + 0.030;17 o —ol
0.4} 0.5899  0.08241 } ©O.4& | -0.0252 4+ 0.065601 0.5850 + 0.05091| -0.0185 + 0.05201
0.8 O.B687 + 0.08711| ©.6 | -0.06805 + 0.1452% 0.5850 + 0.08091i | -0.05098 + 0.0881]]
0.8 ] 0.6439 + 0.11571| 0.8 | -0.1851 + 0.l4481 G.5850 + 0.08081} -0.1188 + 0.07861%
0.9} 0.8155 + 0,00871 ] 0.9 | -0.3181 + 0.110861 0.5850 + 0,08081{ -0.1888 + 0,05514]
1.0 o 1.0 -1 0.5850 + 0.05094| -0.5850 ~ 0.030%
TABLE XIV.— VALUES '(F INTEGRANDS FOR USE IR~ GRAPEICAL INTEGRATTION
(EXaMPLE T)
z 3 z* o opz* opz ?
0.4} 0.084} 0.0258] 0.0852 - 0,00688L1] 0.0021 - 0.0002i] 0.0053 - 0.00041
0.8} 0.2168} 0.1298 | -0.0620 + 0.068861 } ~0.0080 + 0.0105i] -0.0154 + 0.0149%
0.8! 0.512] 0.4008] -0.1584 + 0.07961 | ~0.0546 + 0.0352681| -0.0885 + 0.040841
.0.9 0.729| 0.65681} -0.1986 + 0.05881 | —0.1510 + 0.0ﬁéli =0.1455 -~ 0.05081
1.0} 1.0 1.0 -0.5850 - 0.0808% | -0.5850 - 0.05081} -0.5850 + 0.035091
z * z? o, o":‘za oz .
0.4} 0.l1l6 0.084 | ~0,0165 + 0.03204 | -0.0011 + 0.00201] -0.0028 + C.0061i
0.6} 0.38 0.216 | -0.0899 + 0.08511 ) -0.0086 + 0.01791| -0.0144 + 0.02991
g.8] 0.84 0.512 | -0.0016 + 0.07861] -0.0607 + 0.0408i) -0.0759 + 0.05051
0:9| 0.8L 0.72¢ | -0.1885 + 0.05511] -0.1375 + 0.04024 -0.1525 + 0.04461
1.0 1.0 1.0 -0.5860 -~ 0.08081]| -0.5850 - 0.05091] -0.5850 - 0.03091

RATIONAL ADVISORY COMMITTEL FOR AZRONAUTICS




TABIE IV

KAOA TXK Xo.

1185

AERCIYEAMYC OCEREUTTONS AMD CATICULATED IETRRMINANT TERMBS OCHEECTED FOR FINITH-SPAN EFFE0TS (EXAMPLE I)

[9'(:—")2 (1 + 1g) here, c-s,-q,-l

Asrodyoamic pert Detérminent term corrsoted
. Finlte—span
Toxrm Structural pert of term of berm for the
corrections
(two-dim.) effeqt of & finite span
X = 0.333 .- -
o, \E : .

A 1.3331 |1 — 0.1g=0 ( ;) 1+ "n] -=0,0096 ~ 0.T799% 0.0876 +-0.26981 1.5111 — 0.22711 — 0.25608
B 0.3:15% Cee— ~3.0%92 - 0.Th3TL 0.9096 — 0.10981 © | -1.8180 — 0.833%1

L4 0.315% ) o 0.127h + 0.19%01 -0.0210 ~ 0.05711 0.5218 + 0.13791

L0
] 0.8789]1 -( ;) 1 +1g) 0.9075 — 0.80171 ~0.21327 0.03h31 19737 — 0.76TM — 0.8789 0
k= 0,50 "
.

[y 1.331h -~ o.:gao( %) (2 +1g) 0,039 — 0.62501 0.0%30 + 0.196%1 1.8211 - 0. Lef%d - 0.25600
B 0.315% -2,0%31 - 0.T3kn 0.0Ta — 0.00038 | | -1.152 — 0.TMATL

.} 0,315% 0.1163 + 0.15631 —0.0129 — 0.Ch@T4 0.X188 + 0.11361

o \2
0.9m9|1 —( = ) @+ 18) 0.6363 — 0.63TR ~0.132% + 0.00811 1.3830 —~ 0.62914 — 0.67890
k= 0.2 -
. o

A 1334 - o.:l.sao( m—) 1+ 18,) 0.079% — 047831 0.0e08 + 0.1 1.5333 ~ 0,482 — 0.2560R
B 0.315k —l.2%1k — 0.67654 0.303% + 0.0Mh2L -0.6246 — 0.632%4

) 0.315% ) 0.10%1 + 0.11961 —0.009% — 0.0ef21 0.k131 + 0,092

E o.a-ml;-( ?) (s sq'_l] 0.427 — 048621 ~0.0652 ~ 000831 1.232h ~ 0.15271 — 0.87890

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



KACA TN No. 1195

a3

TAEIE XVI
CHARACTERTSTICS ALONG SPAN OF TATL SURFACES USED IN EXAMPLE IT
Horizomtal
7 ey _ Yortical tail
o lort | by | bEE | B, e ¢ o £
o b 1 4.6k [ 1 —-1.909 | —0.032 | 0.246 | 1
.3 — — 3.95 | .851 { —2.413 .828
A 3.44 | 0.8%0 ; 3.69 19T | —2.63k ~.230 .098 835
3 3.33 | .18 | -e.970 .877
6 13.08| .10 3.00 | .648| —3.300 ] —3w0| .00 |1
.8 262 | .655 ] 2.18 | w71 | —4.587 | —.hok o37| 2
1.0 o 0 0 0 — —_ 6 1
TABLE XVIT

GBIERALCEARAD’EERIQIICSOFTAILSDBFACESUSEDEMEII

Borizomtal tall

Vertical tall

2.525
L £t

3.33 £t

——

1.8c0

k.6 £

3.33 £¢
-10.08 £t

- .50(1ag)




94 . : NAQA TN No. 1195
TABLE XVITI.— EVALUATION OF TNTEGRALS FOR EXAMPIE IY _
—2 -
b -
I-n-(;-) {1+ 1g) uhm;-gc-gh-l -
Determinant term
Doterminant Structural part mi;ﬂt tro—limensionsl
torm asrodynamic paxrt
(£t) (£e) (rs)
(kg = 0.686 X = 0.795)
A 67.27[1 -"1.568 0] " 2,1228 = 1, 66081 69.393 — 14.66481 — 133.73 8
B 100.1 - - -9.0606 — 2k.9334 91.039 — 2k.933h4
c 1731 ~11.2670 ~ 3.6993t ~9.5360 — 3.69931
D 100.1 h. b2l ~ 17.83191 1ok.%52 — 17:83191
E 1801 [1 -] -27.7895 — 167.0931 1863.2 — 167.0931 — 1891 0
-4 23.862 . —67.1873 — 38.6370%1 —93:3253 — 38.63701
g 1.737 0.3202 — 0.17281 2.0372 — 0.17261
E 23.96 0.2137 — k. T261: 24,1297 — K. 7161
L. . 5.992 ~0.1613 ~ 3.25101 5.8307 — 3.25101
(xog = 0.600 kgy = 0.696)
A 67.27 [1 - 1.988 a] 1.5917 ~ 17.39h01 68.862 — 17.39k01 — 133.73 0
B 100.1 -13.9834 — £B,86861 86.117 — 28.86861
c Y it ~14.8607 —~ 3.57031 —-13.1297 ~ 3.57031
D 200.1° 3.7185 — 20.12901 103.8185 - 20.1290%
B 1891 [1 —-a] —5k.9543 — 18h,6361 1836 — 184,631 — 18510
b 23.862 -88.638k ~ 39.76W51 —64.TT6h — 39.56k51
-G 1.737 0.3108 — 0.20kki 2.0k78 — 0.204k1
: 23.916 2.0841 - 5,.31981 26.0000 — 5.31264
I - . 5.992. —0.4069 — 3.50801 "5.5851 — 3.50801
(kg = 0.436 kg = 0.506)
A 67.27 {1 —1.988 a) ~0.6677 — £5.85681 66.6023 — 25,8568 — 133.73 ¢
‘B 100.1 ~34.9401 ~ 39.193h1 65.1599 — 39.1934L
¢ 1.731 =30.2362 — 2.9h4834 -28.%052 — 2.94831
D - 100.1 0. 7482 =~ 29.57011 100.8k82 — 29.57011
z 1801 [1 ~ 2] -166.9957 ~ 255.16971 172k — 255.16971 - 1891
r 23.862 " . —177.2376 — ¥3.31121 ~153.3796 — 43.31124
e 1,737 0.279% — 0.289TL 2.0163 — 0.289T1
B 23.96. .. .I'.. o.seS< TN ._ . b 6636 — 2411
3 5.992 -1.1038 — &_T2781 54,8882 — &, 7278s

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.




NACA TN No.

8b

TABLE XTX.— SOLUTION OF SET QF EQUATTONS Il A, =0, (%) sy

Given Matrix

-0,11904

-0.17601

-g:&%221

+0.2670
0.09781

_825% 21

Supplementary Matrix

1.9953
0.50591

Auxiliery Matrix

-0.1760

R

-0.968
03865

0.3525
-0.13791

0.8476
-0.31%91%

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

0.2507
-0.09321

-0.2849
0.1111%

-0.2657
0.11271

0.2507
-0.09321

-0.6330
0.25081

0.54L7L
-0.05911

-1.7988
0.00781

0.9192
-0.2 61

THEE CROUT METHOD (EXAMPLE II)

(=)
Qn

0.0591
0.55181

0.0768
0.77091

0.0996
0.92,51

0.0591
0.55181

-0.0260
-0.00061

0.06L9
0.18091

-0.1612
1.13%3091

~0.063L
-0.02651

0.0010
0.19721

-0.2031
1.3,4621

0.3%32821

0.0010
0.19721

Check

0.3348
0.,9581
0.1808
0.795h1

0.7165
0.77301

0.3348
0:5358

-0.306
0.i1

0.9843
-0.114394

o.4172
1.15861

-0.86211
-0.01851

1.0013
0.19701

0.7970
1.34601

0.9403
0.32801

1.0013
0.19701
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NACGA TN No.

']!ABL'FII.—TAHIESOFEn FOR EXAMPLE IT

1126

- sin ngd sin ng
bos n n Knh n
2 0.3667 -0.0745+0.493 T
0.k N -0.2493 0.0150-0.08181
6 +0.113%2 +0.0001+0.022311
Gig -0.059L+0.4 3,21
2 0.4800 <0,0975+0.6621
0.6 L -0.134} 0.0081-0.04414
6 -0.1098 -0.0001-0.02171
. &g -0.0895+0.58041
2 0.4800 -0.0975+0. 6621
0.8 L 0.134l -0.0081+0.04411
6 -0.1098 -0.0001-0,02171
Qg -0,1057+0.66861

TABLE XXI.— AERODYNAMIC CORRECTIONS AND CALCULATED DETERMINANT TERMS

kog = 0.436 koy = 0.506
Texm Det. term with two Finite—span PDet. term corrected for
dim. asro. part. ocorrections finite—span effects
A 66.6023%-25.85681 5.0885+6.98841} T1. 6908-18.86841
- -133.75 Q -133.75 Q
B 65.1599-39.19341 [11.5520+2.86801 76.7119-36.32541
c -28.5052-2.94831 | 6.5593-3.23601 -21.9h59-6.18431
D 100.8482-29.57011 | 6.3861+9.04921] 107.2343-20.52091
E 172u:§ggi16g71 65.4194+16.16561| 1789 .u-g;gégoué
P -153%.3756-43.31128 {34.6350-17.1113 ~-118.7415-60.42251
c] 2.0165-0.28971 0.0572+0.09461 | 2.0737-0.19514
H 2).6686-7.24111 | -L.7027+1.75L61 19.9659-5.48651
I 1 .8882-)..72781 0.3885-0.20121| 5.2767-4.92901

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.




NACOA TN No. 1195 a7
TABLE XXI.— Conoluded
kg = 0.600 kv = 0.696
A 68.8617-17.39401 |2.8,78+3.98221 | 71.7095-13.41181
-133.73 Q -133.73 Q
B 86.117-28.86861 }5.8026+2.49831 | 91.9196-26.37031
c -13%.1297-3.57031 {2.8707-1.10771 | -10.2590-4.67801
D 103.819-20.12901 {3.0639+5.64231 | 106.8829-14.48671
E 18%6-18L..6311 29.5925+15.01881] 1865.6-169.6171
- ~1891 ‘0 -1891 g
F -6l . 776L-39 5851 | 1L..5931-5.28151 -50.1833-Ll..84601
G 2.0478-0.204l1 0.0264+0.05611 { 2.0742-0.14831
H 26.0001-5.31281 | -1.9233%+0.32501 2)..0768-4.98781
I 5.5851-3.50801 0.1624-0.04181 5.7475-3.54981
kg™ 0.686 k= 0.795
A | 69.3928-1L.66481 | 1.9813+3.06731 | 71.37h1-11.59751
: -133.73 q ~133.73 q
B | 91.0394-2L.93341 | L.0837+2.19551 | 95.1231-22.73791
c } -9.5360-3.69931 | 1.9336-0.59261 | -7.6024-}4.29191
D | 104.5524-17.85191 | 2.2890+..26181 | 106.841k-13.57011
E 1865.2-]1.87.0931 20.5217+13.12001 1885.7-158.9731
-16891 g -1891 g
F | -43.3253-38.63701| 9.8602-2.50801 | 33.4651-41.14501
G | 2.0572-0.17281 0.0182+0.04161 | 2.0754h-0.13121
H | 26.053-L.7161 ~1.2893+0.09351 | 24.7637-L.62251
I } 5.8307-3.25101 0.1060-0.01721 5.9367-3.26821

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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Figure 1,- {a;, Plan form of wing, showing looation of elastic axls and midohord line,
b), Wing section with aileron and tab, showing main parameters in units of
looal asmiochord.
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Fig. 2sa. : NACA TN No. 1195
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Figure 237.~ Damping coefficient g against true alrspeed for
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Notes Flutter determinants eolved by method of reference 4.
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